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ABSTRACT
T h i s  s t u d y  was c o n d u c t e d  w i t h  t h e  p u r p o s e  o f  c o m p a r i n g  a c o n v e n ­
t i o n a l  s y s t e m  ( r o u g h a g e  and  g r a i n  s e p a r a t e l y )  o f  f e e d i n g  d a i r y  c a t t l e ,  
w i t h  t h e  f e e d i n g  o f  t h r e e  c o m p l e t e  f e e d  m i x t u r e s  c o n t a i n i n g  d i f f e r e n t  
r o u g h a g e s .  The r a t i o n s  (30% r o u g h a g e  and  70% c o n c e n t r a t e  w e r e :  ( I )
a l f a l f a  h a y  ( l o n g )  and  c o n c e n t r a t e ,  e a c h  f e d  s e p a r a t e l y ;  ( I I )  a l f a l f a  
h a y  ( c h o p p e d  t o  2 . 5  cm )and  c o n c e n t r a t e  i n  a  c o m p l e t e  f e e d ;  ( I I I )  c o t t o n  
s e e d  h u l l s  and  c o n c e n t r a t e  i n  a c o m p l e t e  f e e d ;  and (IV) n a t i v e  g r a s s  h a y  
and  c o n c e n t r a t e  i n  a c o m p l e t e  f e e d .  A l l  r a t i o n s  w ere  f e d  ad l i b i t u m .
The o b j e c t i v e s  w e r e  t o  s t u d y  t h e  e f f e c t  o f  t h e s e  r a t i o n s  on:
1) d i g e s t i b i l i t y  o f  t h e  r a t i o n s ,  2) f e e d ,  TDN a n d  d i g e s t i b l e  e n e r g y  (DE) 
i n t a k e ,  3)  m i l k  and  47, FCM p r o d u c t i o n ,  4)  f a t ,  p r o t e i n  and  s o l i d s - n o t -  
f a t  (SNF) p e r c e n t a g e s ,  5) body w e i g h t  c h a n g e s ,  6)  h e a l t h  o f  t h e  a n i m a l s ,
7) g r o s s  e n e r g y  i n t a k e ,  8)  c o n v e r s i o n  o f  TDN, g r o s s  e n e r g y  and  DE t o  FCM, 
and 9) TDN and  DE r e q u i r e m e n t s  f o r  m i l k  p r o d u c t i o n .
S i x t e e n  h i g h - p r o d u c i n g  H o l s t e i n  cows w e re  b l o c k e d  a c c o r d i n g  t o  
t h e i r  l e v e l  o f  p r o d u c t i o n ,  s t a g e  o f  l a c t a t i o n  and e s t i m a t e d  r e a l  p r o d u c i n g  
a b i l i t y  (ERPA), and  r a n d o m l y  a s s i g n e d  t o  t h e  f o u r  e x p e r i m e n t a l  r a t i o n s .
The c o n c e n t r a t e  p o r t i o n  o f  t h e  r a t i o n s  c o n s i s t e d  o f  a  m i x t u r e  o f  g ro u n d  
y e l l o w  c o r n ,  s o y b e a n  m e a l ,  c o t t o n  s e e d  m e a l ,  u r e a ,  m o l a s s e s ,  v i t a m i n s  
and  m i n e r a l s .
The e x p e r i m e n t ,  w h ic h  l a s t e d  110 d a y s ,  was i n i t i a t e d  i n  J a n u a r y  
and  f i n i s h e d  i n  May, 1967 .  The a n i m a l s  w e re  s t a n c h i o n e d  and  f e d  i n d i ­
v i d u a l l y  t h r e e  t i m e s  a d a y  and  m i l k e d  t w i c e  d a i l y .  The d a i l y  f e e d  and
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r e f u s a l s  w ere  w e ig h e d  i n  t h e  m o r n i n g s ;  m i l k  w e i g h t s  w ere  r e c o r d e d  a t  t h e  
m i l k i n g  p a r l o r .
At t h e  end o f  e a c h  t e n - d a y  p e r i o d ,  t h e  f o l l o w i n g  o b s e r v a t i o n s  o f  
t h e  cows w ere  made:  1) f e e d  i n t a k e ,  2)  body w e i g h t ,  3) m i l k  p r o d u c t i o n ,
4) m i l k  c o m p o s i t i o n  ( f a t ,  SNF, p r o t e i n ) ,  5) a n i m a l  h e a l t h ,  and 6) f e e d  
e f f i c i e n c y  and e n e r g y  r e q u i r e m e n t s  f o r  m i l k  p r o d u c t i o n .  M i lk  f a t  p e r ­
c e n t a g e  was d e t e r m i n e d  e v e r y  f i v e  d a y s .
The d i g e s t i b i l i t y  o f  t h e  r a t i o n s  was c o n d u c t e d  u t i l i z i n g  e i g h t  
m a t u r e  w e t h e r s  a s s i g n e d  t o  two s q u a r e s  o f  a 4 x 4 L a t i n - s q u a r e  d e s i g n .
No d i f f e r e n c e  was found  i n  t h e  d i g e s t i b l e  e n e r g y  c o n t e n t  o f  t h e  r a t i o n s .  
The t h e o r e t i c a l  TDN v a l u e s  o v e r e s t i m a t e d  t h e  d e t e r m i n e d  TDN v a l u e s  c o n ­
s i d e r a b l y ,  e s p e c i a l l y  t h o s e  o f  t h e  r a t i o n s  c o n t a i n i n g  low q u a l i t y  r o u g h ­
a g e s  .
The cows r e c e i v i n g  t h e  c o t t o n  s e e d  h u l l s  r a t i o n  consumed s i g n i ­
f i c a n t l y  ( P ^ . 0 5 )  more  f e e d  t h a n  t h e  o t h e r  g r o u p s .  No s i g n i f i c a n t  
d i f f e r e n c e s  were  found  i n  t h e  m i l k  and FCM p r o d u c t i o n ;  h o w e v e r ,  cows fed  
r a t i o n  IV had  a s i g n i f i c a n t l y  (P ^  . 0 5 )  h i g h e r  SNF p e r c e n t a g e  t h a n  t h e  
o t h e r  g r o u p s .  A l l  o t h e r  m i l k  c o n s t i t u e n t s  w e re  n o t  s i g n i f i c a n t l y  c h a n g e d .  
R a t i o n s  I  and  I I I  f a i l e d  t o  m a i n t a i n  p r e t r i a l  f a t  t e s t s ,  w h i l e  r a t i o n s  I I  
and  IV h a d  h i g h e r  f a t  p e r c e n t a g e s .  No s i g n i f i c a n t  d i f f e r e n c e s  w e re  found  
i n  t o t a l  g r o s s  e n e r g y  i n t a k e ,  g r o s s  f e e d  c o n v e r s i o n s  o r  g a i n s  i n  body 
w e i g h t .  The e n e r g y  r e q u i r e m e n t s  f o r  m i l k  p r o d u c t i o n  found  i n  t h i s  s t u d y  
w ere  s l i g h t l y  h i g h e r  t h a n  t h o s e  r e p o r t e d  i n  t h e  l i t e r a t u r e ,  s u g g e s t i n g  
t h a t  cows f e d  c o m p l e t e  f e e d s  m i g h t  h a v e  had  h i g h e r  r e q u i r e m e n t s .
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Some h e a l t h  p r o b le m s  s u c h  a s  f o o t - r o t ,  s t i f f n e s s  o f  t h e  j o i n t s  
and  m a s t i t i s  were  e n c o u n t e r e d  i n  t h i s  s t u d y .  Due t o  t h e  s m a l l  number 
o f  a n i m a l s  p e r  t r e a t m e n t  u s e d  i n  t h i s  e x p e r i m e n t ,  t h e  r e s u l t s  o b t a i n e d  
s h o u l d  be s u b s t a n t i a t e d  w i t h  f u r t h e r  i n v e s t i g a t i o n s .  I t  a p p e a r s  t h a t  
c o m p l e t e  f e e d s  f o r  h i g h  p r o d u c i n g  cows h a v e  a p r o m i s i n g  f u t u r e  f o r  the  
d a i r y  i n d u s t r y .
INTRODUCTION
W i th  t h e  i n c r e a s i n g  p r o d u c t i o n  c a p a c i t y  o f  d a i r y  cows and  t h e  
co n c o m ra i t a n t  r e d u c t i o n  i n  t h e  number o f  f a rm s  and  an  i n c r e a s e  i n  h e r d  
s i z e  d u r i n g  t h e  l a s t  few y e a r s ,  i t  h a s  become i m p e r a t i v e  t o  s e e k  new 
t e c h n i q u e s  and  f e e d i n g  s y s t e m s .  L a c t a t i n g  d a i r y  cow s ,  w i t h  t h e  i n ­
h e r i t e d  p o t e n t i a l  a b i l i t y  t o  p r o d u c e  a t  h i g h e r  l e v e l s ,  a r e  f r e q u e n t l y  
u n d e r f e d  t h e i r  b a s i c  s o u r c e  f o r  p r o d u c t i o n  ( e n e r g y ) .
I n c r e a s e d  l a b o r  c o s t s ,  i n c r e a s e d  c o s t  o f  a v a i l a b l e  h i g h  q u a l i t y  
r o u g h a g e s ,  and  t h e  a u t o m a t i o n  o f  t h e  d a i r y  i n d u s t r y  h a v e  c o m p e l l e d  t h e  
d a i r y  f a r m e r  t o  p u r s u e  o t h e r  s o u r c e s  o f  n u t r i e n t s  w i t h o u t  d i m i n i s h i n g  
m i l k  p r o d u c t i o n .
Of t h e  i n v e s t i g a t e d  f e e d s ,  r o u g h a g e s  a r e  s t i l l  t h e  m os t  d i f f i c u l t  
t o  e v a l u a t e  s i n c e  m o s t  o f  t h e i r  p o t e n t i a l  e n e r g y  i s  l o c a l i z e d  i n  t h e i r  
c e l l u l o s e  and  h e m i c e l l u l o s e  f r a c t i o n s .  C h e m ic a l  a n a l y s i s  i s  o f t e n  t h e  
o n l y  m e a s u r e  f o r  t h e i r  n u t r i t i v e  v a l u e .  H owever ,  due  t o  t h e  w id e  v a r i ­
a b i l i t y  i n  t h e  a v a i l a b l e  e n e r g y  o f  f e e d s  w i t h  e s s e n t i a l l y  t h e  same c h e m i ­
c a l  c o m p o s i t i o n ,  t h i s  t y p e  o f  e v a l u a t i o n  seems o b s o l e t e .
A more  v a l i d  a p p r o a c h  t o  t h e  e v a l u a t i o n  o f  f e e d s t u f f s  w ou ld  be 
t o  d e t e r m i n e  t h e  am oun ts  o f  d i g e s t i b l e  e n e r g y  w h ic h  t h e s e  f e e d s  s u p p l y  
t o  t h e  a n i m a l ,  and  a n  e v e n  b e t t e r  s o l u t i o n  w ou ld  be t o  e v a l u a t e  t h e  p e r ­
fo rm a n c e  o f  t h e  a n i m a l s  when f e d  t h e s e  f e e d s .
I t  h a s  b e e n  o b s e r v e d  t h a t  d a i r y  cows w i l l  n o t  v o l u n t a r i l y  i n g e s t  
enough  r o u g h a g e  and  c o n c e n t r a t e  t o  i n s u r e  h i g h e r  l e v e l s  o f  p r o d u c t i o n ;
1
2
t h e r e f o r e ,  o t h e r  f e e d i n g  p r a c t i c e s  m us t  be s o u g h t  t o  s u p p l y  th e  a d e q u a t e  
n u t r i e n t s  t o  t h e  l a c t a t i n g  cows .  R e c e n t  s t u d i e s  have  i n d i c a t e d  c e r t a i n  
a d v a n t a g e s  i n  m i x i n g  r o u g h a g e s  and c o n c e n t r a t e s  i n t o  one c o m p l e t e  f e e d  
f o r  l a c t a t i n g  d a i r y  cows.  Such  a m i x t u r e  i s  known a s  a b l e n d e d ,  a com­
p l e t e  f e e d ,  o r  an  a l l - i n - o n e  r a t i o n .
A c o m p le t e  mixed  r a t i o n  c o n t a i n i n g  b o th  ro u g h a g e  and  c o n c e n t r a t e  
i s  e a s i e r  t o  h a n d l e  i n  a m e c h a n iz e d  f e e d i n g  p ro g ra m .  I t  r e d u c e s  t h e  
c o s t  o f  l a b o r  and e n a b l e s  t h e  f a r m e r  t o  u s e  o t h e r  a v a i l a b l e  r o u g h a g e s  
o f  l e s s e r  q u a l i t y  w h ich  would  n o t  be consumed i n  t h e  r e g u l a r  f e e d i n g  
s y s t e m s  p r e s e n t l y  u s e d  by t h e  d a i r y  i n d u s t r y .
I n f o r m a t i o n  on t h e  v a l u e  o f  a c o m p l e t e  f e e d  m i x t u r e  t o  l a c t a t i n g  
d a i r y  cows i n  a c o n t i n u o u s  f e e d i n g  t r i a l  u n d e r  L o u i s i a n a  c o n d i t i o n s  i s  
n e e d e d .  Such f a c t o r s  a s  t h e  k i n d  and m os t  e f f i c i e n t  r o u g h a g e  t o  u s e  i n  
a c o m p l e t e  f e e d ,  t h e  e f f e c t  o f  t h e  a d d i t i o n  o f  u r e a  and  m o l a s s e s  i n  such  
a r a t i o n ,  and i t s  e f f e c t  on m i l k  p r o d u c t i o n ,  m i l k  c o n s t i t u e n t s  and  f e e d  
e f f i c i e n c y  h a s  p ro m p ted  t h i s  s t u d y .
I t  i s  t h e  p u r p o s e  o f  t h e  p r e s e n t  s t u d y  t o  (1)  compare t h e  r e l a t i v e  
v a l u e  o f  a l f a l f a  h a y ,  c o t t o n  s eed  h u l l s ,  c o r n  cobs  and n a t i v e  g r a s s  hay  
a s  s o u r c e s  o f  r o u g h a g e s  f o r  d a i r y  cows i n  c o m p l e t e  r a t i o n s  and (2 )  t o  
compare  t h e  r e s u l t s  o b t a i n e d  w i t h  t h o s e  o f  a c o n v e n t i o n a l  r a t i o n  i n  
t e rm s  o f  d i g e s t i b l e  e n e r g y ,  m i l k  p r o d u c t i o n ,  m i l k  c o n s t i t u e n t s ,  and  d i ­
g e s t i b i l i t y  o f  t h e  n u t r i e n t s .
REVIEW OF LITERATURE
C om ple te  F eeds
I n  r e c e n t  y e a r s ,  t h e  t r e n d  o f  f e e d i n g  a h i g h  p r o p o r t i o n  o f  c o n ­
c e n t r a t e s  and low l e v e l s  o f  r o u g h a g e  i n  t h e  d a i r y  i n d u s t r y  h a s  been  
v i g o r o u s l y  e n c o u r a g e d .  R e s e a r c h  h a s  shown t h a t  t h e  f e e d i n g  o f  h i g h  
c o n c e n t r a t e - l o w  ro u g h a g e  r a t i o n s  h a s  r e s u l t e d  i n  a n  i n c r e a s e  i n  m i l k  
p r o d u c t i o n  and a c h an g e  i n  m i l k  c o m p o s i t i o n ,  p a r t i c u l a r l y  i n  d e c r e a s i n g  
t h e  m i l k  f a t  p e r c e n t a g e .
D e c r e a s e s  i n  t h e  m i l k  f a t  p e r c e n t a g e  h a v e  a l s o  b een  r e p o r t e d  i n  
t h e  f e e d i n g  o f  r o u g h a g e s  i n  a f i n e l y  g round  s t a t e ,  a n d / o r  p e l l e t i n g  o f  
c o n c e n t r a t e s  ( 1 0 ,  15, 16,  4 2 ,  74,  9 3 ) .
S t u d i e s  o f  c o m p l e t e  f e e d s  made i n  M ex ico  by C a r r e r a  ( 1 7 ) ,  V a ld ez  
and Raun ( 1 0 5 ) ,  and V i l l a v i c e n c i o  £t^ aj . .  ( 1 0 8 ) ,  and  i n  t h e  U n i t e d  S t a t e s  
by Emery £t^ a_l. (22)  h a v e  d e m o n s t r a t e d  t h a t  a l f a l f a  h a y ,  c o t t o n  s e e d  
h u l l s  and  c o r n  co b s  a r e  e x c e l l e n t  s o u r c e s  o f  r o u g h a g e  f o r  r u m i n a n t s  in  
t h e  a r e a s  where  t h e s e  r o u g h a g e s  a r e  p r o d u c e d .  When u s e d  i n  a c o r r e c t l y  
b a l a n c e d  r a t i o n ,  t h e s e  f e e d s  a r e  assumed t o  h a v e  t h e  same n u t r i t i v e  
v a l u e .
W i th  i n c r e a s i n g  c o s t s  i n  l a b o r ,  d e c r e a s i n g  a v a i l a b i l i t y  o f  h i g h  
q u a l i t y  r o u g h a g e s  and s t o r a g e  s p a c e ,  new d e v e l o p m e n t s  i n  t h e  f e e d i n g  o f  
d a i r y  c a t t l e  h a v e  come i n t o  b e i n g .  Among t h e  new d e v e l o p m e n t s  i n  f e e d ­
i n g ,  i s  t h e  s o - c a l l e d  c o m p l e t e  f e e d .
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A c o m p le t e  mixed  r a t i o n  c o n t a i n i n g  b o th  ro u g h a g e  and c o n c e n t r a t e  
i s  e a s i e r  t o  h a n d l e  i n  a m e c h a n i z e d  f e e d i n g  p ro g ra m  t h a n  a r a t i o n  i n  
w h ich  ro u g h a g e  and  g r a i n  a r e  fed  s e p a r a t e l y .  ( 6 0 ,  1 0 2 ) .
A l t h o u g h  t h e  f e e d i n g  o f  c o m p le t e  r a t i o n s  i s  a new a p p l i c a t i o n  f o r  
d a i r y  cows,  an  a t t e m p t  w i l l  be made i n  t h i s  r e v i e w  t o  summar ize  t h e  i n ­
v e s t i g a t i o n s  o f  o t h e r  w o r k e r s  w i t h  r e g a r d  t o  t h i s  method  o f  f e e d i n g .
E f f e c t  o f  t h e  P h y s i c a l  S t a t e  o f  t h e  Roughage  on 
M i lk  P r o d u c t i o n  and M i lk  C o n s t i t u e n t s
The m i x i n g  o f  r o u g h a g e  and c o n c e n t r a t e  i n t o  one c o m p le t e  f e e d  i s  
n o t  a new c o n c e p t ,  a l t h o u g h  i t  i s  a new a p p l i c a t i o n  f o r  f e e d i n g  d a i r y  cows.  
R a t i o n s  e m p lo y in g  v e r y  h i g h  p r o p o r t i o n s  o f  c o n c e n t r a t e  h ave  been  s u c c e s s ­
f u l l y  u s e d  w i t h  b e e f  c a t t l e  ( 7 6 ) .  T h i s  t y p e  o f  r a t i o n ,  h o w e v e r ,  h a s  n o t  
b een  s u i t a b l e  f o r  d a i r y  cows b e c a u s e  i t  h a s  c a u s e d  a m arked  d e c r e a s e  in  
m i l k  f a t  p e r c e n t a g e ,  a s  w e l l  a s  a d v e r s e  p h y s i o l o g i c a l  e f f e c t s  ( 4 2 ) .
As e a r l y  a s  1939,  P o w e l l  (80 )  r e p o r t e d  t h a t  f e e d i n g  g round  hay  
and  c o n c e n t r a t e s  t o  l a c t a t i n g  d a i r y  cows c a u s e d  a m arked  d e c r e a s e  i n  t h e  
SNF and f a t  c o n t e n t  o f  m i l k  and Hayden (35)  o b s e r v e d  t h a t  cows f e d  f i n e l y  
g round  h a y  r e f u s e d  t o  e a t  i t .  K ing  and  Hemken (43)  r e p o r t e d  t h a t  cows 
f e d  l o n g  hay  and g r a i n  p r o d u c e d  h i g h e r  am oun ts  o f  m i l k  a s  compared  t o  
cows f e d  p e l l e t e d  o r  g ro u n d  h a y ,  e v e n  th o u g h  t h e  a n i m a l s  f e d  t h e  g round  
h a y  p r o d u c e d  m i l k  w i t h  i n c r e a s e d  p r o t e i n  and SNF c o n t e n t .
P o r t e r  eHt j» l .  (79)  , S l a c k  e £  aj^. (97 )  , McCoy £ t  a l .  (62 )  , and 
L e i g h t o n  (49 )  h a v e  found  t h a t  chopped h a y  was n u t r i t i o n a l l y  e f f e c t i v e  
f o r  m i l k  p r o d u c t i o n  a s  long  h a y ,  when f e d  t o  l a c t a t i n g  d a i r y  cows i n  
c o n v e n t i o n a l  o r  c o m p l e t e  f e e d s .
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R e s u l t s  on  t h e  p h y s i c a l  fo rm o f  r o u g h a g e  f e d  t o  d a i r y  cows i n  a 
c o m p l e t e  f e e d  h a v e  a l s o  b e e n  r e p o r t e d  by R o d r i g u e  and A l l e n  ( 8 9 ) .  The 
e x p e r i m e n t a l  m i x t u r e  u s e d  c o n s i s t e d  o f  two p a r t s  o f  h a y  and  one  p a r t  o f  
c o n c e n t r a t e  by w e i g h t .  T h i s  m i x t u r e  was f e d  t o  l a c t a t i n g  d a i r y  cows a t  
t h e  r a t e  o f  t h r e e  pounds  f o r  e v e r y  h u n d r e d  pounds  o f  body w e i g h t .  The 
h a y  f e d  was a m i x t u r e  o f  a l f a l f a  h a y  and g r a s s  h a y  w h ic h  was g r o u n d  t o  
t h r e e  d i f f e r e n t  t e x t u r e s .  The r e s u l t s  o f  t h i s  e x p e r i m e n t  i n d i c a t e d  
t h a t  f e e d i n g  c o a r s e l y  g r o u n d  h a y  d i d  n o t  c a u s e  a d e p r e s s i o n  i n  t h e  m i l k  
f a t  p e r c e n t a g e .  S i m i l a r  r e s u l t s  w ere  r e p o r t e d  by R o nn ing  ^ t  a_l. ( 9 1 ) .
E f f e c t  o f  C o n c e n t r a t e s  on M i lk  P r o d u c t i o n  and 
C o n s t i t u e n t s
A d e c r e a s e  i n  t h e  m i l k  f a t  p e r c e n t a g e  was r e p o r t e d  by R o n n in g  (90)  
when  cows w e re  f e d  i n c r e a s i n g  l e v e l s  o f  c o n c e n t r a t e s  i n  p e l l e t e d  and  com­
p l e t e  r a t i o n s .  S i m i l a r  r e s u l t s  w e r e  o b t a i n e d  by Hawkins  ( 3 3 ) ,  and  B i s h o p  
and  L o o s l i  ( 1 0 ) .
E n s o r  £ t  a_l. (23 )  found  t h a t  g r o u n d  o r  p e l l e t e d  h a y  p r o d u c e d  m i l k  
w i t h  d e c r e a s e d  f a t  c o n t e n t .  Van S o e s t  (1 0 6 )  h a s  r e p o r t e d  t h a t  h i g h  c o n ­
c e n t r a t e - r e s t r i c t e d  r o u g h a g e  r a t i o n s  w i l l  c a u s e  a d e f i n i t e  l o w e r i n g  o f  
t h e  m i l k  f a t  p e r c e n t a g e .
D a i r y  cows f e d  c o n c e n t r a t e  and  r o u g h a g e  ad  l i b i t u m  r e s p o n s e d  w i t h  
i n c r e a s e d  m i l k  p r o d u c t i o n  and  a d e c l i n e  i n  t h e  p e r c e n t a g e  o f  m i l k  f a t  ( 1 0 ,  
2 2 ,  9 7 ) ;  h o w e v e r ,  Brown e t  al^. (1 6 )  h a v e  o b s e r v e d  t h a t  cows f e d  _ad 1 i b i - 
tum c o n c e n t r a t e  r e s p o n d e d  w i t h  i n c r e a s i n g  m i l k  p r o d u c t i o n  w i t h o u t  a d r o p  
i n  t h e  p e r c e n t a g e  o f  m i l k  f a t .  B e r n e t t  and  O l s o n  (9 )  r e p o r t e d  t h a t  when
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t h e  cows w e re  o f f e r e d  a f r e e  c h o i c e  o f  h a y  and c o n c e n t r a t e ,  t h e y  d i d  n o t  
consume enough  h a y  t o  s u p p o r t  m i l k  f a t  p e r c e n t a g e .
I t  a p p e a r s  f rom t h e  r e s u l t s  o f  t h e s e  w o r k e r s  t h a t  ad  l i b i t u m  f e e d ­
i n g  o f  c o n c e n t r a t e s  and  h a y  i s  n o t  a p r a c t i c a l  t h i n g  t o  do  when f e e d i n g  
d a i r y  cows;  t h e r e f o r e ,  o t h e r  m e th o d s  m u s t  be i n v e s t i g a t e d .
Minimum L e v e 1 o f  C rude  F i b e r  i n  t h e  R a t  i o n s
Van 9 o e s t  ( 1 0 6 )  h a s  i n d i c a t e d  t h a t  t h e  maximum e f f i c i e n c y  f o r  m i l k  
p r o d u c t i o n  i s  o b t a i n e d  a t  t h e  r o u g h a g e - c o n c e n t r a t e  r a t i o  when m i l k  f a t  b e ­
g i n s  t o  be d e p r e s s e d .  K e s l e r  and  S p a h r  (4 2 )  h a v e  r e p o r t e d  t h a t  o f  t h e  
t o t a l  d r y  m a t t e r  consumed by a d a i r y  cow, 13 o r  14% s h o u l d  c o n s i s t  o f  
c r u d e  f i b e r  i n  o r d e r  t o  a v o i d  m i l k  f a t  d e p r e s s i o n  and  o b t a i n  t h e  maximum 
f e e d  u t i l i z a t i o n ;  h o w e v e r ,  Hawkins  (33 )  i n d i c a t e d  t h a t  r a t i o n s  c o n t a i n i n g  
ab o v e  16% c r u d e  f i b e r  d e c r e a s e d  m i l k  p r o d u c t i o n .  I t  a p p e a r s  f rom t h e s e  
r e s u l t s ,  t h a t  t h e  optimum l e v e l  o f  c r u d e  f i b e r  i n  a r a t i o n  l i e s  i n  t h e  
r a n g e  o f  13 t o  15%, i n  o r d e r  t o  o b t a i n  t h e  maximum f e e d  u t i l i z a t i o n .
Roughage t o  C o n c e n t r a t e  R a t i o
R o n n in g  (9 0 )  com pared  £ d  1 i b i t u m  f e e d i n g  o f  c o m p l e t e  f e e d s  w h ich  
c o n t a i n e d  g r o u n d  a l f a l f a  h a y  a t  d i f f e r e n t  r o u g h a g e  t o  c o n c e n t r a t e  r a t i o s .  
He r e p o r t e d  t h a t  m i l k  y i e l d  was g r e a t e s t  when t h e  r a t i o n  c o n t a i n e d  30%, 
c o n c e n t r a t e  and 70%8 r o u g h a g e .  The m i l k  f a t  p e r c e n t a g e  f o r  t h i s  r a t i o n  
was 2.1%.
Putnam and  D a v i s  (8 2 )  com pared  t h e  f e e d i n g  o f  a l o n g  h a y  and  c o n ­
c e n t r a t e  r a t i o n  w i t h  two c o m p l e t e  r a t i o n s  c o n t a i n i n g  20 and  75%, c o n c e n ­
t r a t e .  T h e i r  s t u d y  c o n s i s t e d  o f  ( I )  a c o n t r o l  r a t i o n  o f  8 l b  o f
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c o n c e n t r a t e s  p l u s  f r e e  c h o i c e  a l f a l f a  h a y  and  g r a s s  h a y ;  ( I I )  a  low 
c o n c e n t r a t e  p e l l e t e d  r a t i o n  made up o f  207.. c o n c e n t r a t e s  and  407o a l f a l f a  
h a y  p l u s  a n  a d d i t i o n a l  40% s u p p l e m e n t a t i o n  o f  g r a s s  h a y ;  ( I I I )  a h i g h  
c o n c e n t r a t e  p e l l e t e d  r a t i o n ;  and  (IV)  a  h i g h  c o n c e n t r a t e  p e l l e t e d  r a t i o n  
w i t h  10 l b  o f  g r a s s  h a y  a d d e d  t o  p r e v e n t  any  d e p r e s s i o n  o f  m i l k  f a t  c o n ­
t e n t .  R a t i o n s  I I I  and IV c o n t a i n e d  2.5% s o y b e a n  m e a l ,  107o m o l a s s e s ,
62.5% c o r n  and  cob  m e a l  and  25% c h o p p e d  h a y .  The e f f e c t s  o f  t h e  t r e a t ­
m e n t s  showed no d e p r e s s i o n  i n  m i l k  f a t  p e r c e n t a g e ,  a l t h o u g h  t h e  h i g h  
c o n c e n t r a t e  p e l l e t  r a t i o n  ( I I I )  s t i m u l a t e d  g r e a t e r  m i l k  p r o d u c t i o n .
P u tnam  and  D a v i s  ( 8 2 ) ,  i n  a l a t e r  s t u d y ,  com pared  r a t i o n s  I  and 
I I  and  found  t h a t  t h e  c o n t r o l  r a t i o n  p r o d u c e d  h i g h e r  y i e l d s  o f  m i l k  w i t h  
a lo w e r  f a t  p e r c e n t a g e  (3 .96%  v s .  4 . 0 1 % ) ,  a s  com pared  t o  t h e  e x p e r i m e n t a l  
r a t i o n .  I t  i s  o f  i n t e r e s t  t o  o b s e r v e  t h a t  i n  t h e  f i r s t  e x p e r i m e n t ,  t h e  
p r o d u c t i o n  o f  t h e  cows v a r i e d  f ro m  1 4 . 4  t o  1 6 . 5  l b ,  p e r  d a y ,  w h e r e a s ,  i n  
t h e  s e c o n d  e x p e r i m e n t ,  t h e  d a i l y  m i l k  p r o d u c t i o n  f o r  t h e  a n i m a l s  was 3 2 . 4  
and  2 9 . 3  l b  f o r  t h e  c o n t r o l  and  e x p e r i m e n t a l  r a t i o n s ,  r e s p e c t i v e l y .
U s i n g  s h e e p ,  M oir  and Sommers ( 6 7 ) ,  com pared  a c o n v e n t i o n a l  r a t i o n  
( r o u g h a g e  and  c o n c e n t r a t e  f e d  s e p a r a t e l y )  w i t h  a c o m p l e t e  f e e d  made up o f  
a m i x t u r e  o f  r o u g h a g e  and  c o n c e n t r a t e .  They r e p o r t e d  no  s i g n i f i c a n t  d i f ­
f e r e n c e  i n  n i t r o g e n  r e t e n t i o n ,  d i g e s t i b i l i t y  o f  t h e  r a t i o n s  o r  v o l a t i l e  
f a t t y  a c i d  p r o d u c t i o n .
I n  1952 ,  H a r s h b a r g e r  ( 3 1 )  s t u d i e d  t h e  e f f e c t  o f  f e e d i n g  t h r e e  com­
p l e t e  f e e d s  t o  l a c t a t i n g  d a i r y  cow s.  The r a t i o n s  f e d  w e r e :  ( I )  a s e l f ­
f e d  c o m p l e t e  m i x t u r e  c o n s i s t i n g  o f  70% g r o u n d  a l f a l f a  h a y  and  307e 
c o n c e n t r a t e ;  ( I I )  t h e  s e l f - f e d  m i x t u r e  o f  a l f a l f a  and c o n c e n t r a t e  p l u s
s i l a g e ;  ( I I I )  a c o m p l e t e  f e e d  m i x t u r e  c o n t a i n i n g  60% c o a r s e l y  g r o u n d  
h a y  p l u s  l o n g  h a y  and 40% c o n c e n t r a t e .  T h e s e  t h r e e  r a t i o n s  w e r e  f e d  t o  
t h r e e  p a i r s  o f  cow s .  The a v e r a g e  d a i l y  FCM p r o d u c t i o n  f o r  t h e  t h r e e  
g r o u p s  w a s :  ( I )  3 0 . 6 5  l b ;  ( I I )  2 9 . 3 7  l b ;  and  ( I I I )  3 0 . 3 5  l b .  r e s p e c ­
t i v e l y .  The r e s u l t s  i n d i c a t e d  no s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  
t r e a t m e n t s ,  s u g g e s t i n g  t h a t  c o m p l e t e  m i x t u r e s  o f  c o a r s e l y  g r o u n d  h a y  and 
c o n c e n t r a t e s  c a n  be f e d  t o  l a c t a t i n g  d a i r y  cows w i t h o u t  a f f e c t i n g  m i l k  
p r o d u c t i o n  o r  h e a l t h  o f  t h e  a n i m a l s .
I n  1964,  Thurmon £ t  a l .  (1 0 3 )  o f  S o u t h e r n  I l l i n o i s  r e p o r t e d  t h e i r  
r e s u l t s  w i t h  t h e  f e e d i n g  o f  a c o m p l e t e  f e e d  m i x t u r e  c o n t a i n i n g  307= h a y  
and  70% c o n c e n t r a t e .  T h e s e  w o r k e r s  com pared  t h r e e  m e th o d s  o f  h i g h  l e v e l  
g r a i n  f e e d i n g :  ( I )  ad  l i b i t u m  f e e d i n g  o f  g r a i n  and  h a y ;  ( I I )  ad  l i b i t u m
f e e d i n g  o f  a  m i x t u r e  o f  70% g r a i n  and  30% c o a r s e l y  c h o p p e d  h a y ;  and  ( I I I )  
ad  l i b i t u m  f e e d i n g  o f  h a y  w i t h  g r a i n  f e d  a t  t h e  r a t e  o f  1 l b  f o r  e a c h  2 . 5  
l b  o f  FCM, i n  a s w i t c h - b a c k  e x p e r i m e n t  w i t h  h i g h  p r o d u c i n g  G u e r n s e y  and 
H o l s t e i n  cows p a s t  t h e i r  l a c t a t i o n  p e a k .  Cows f e d  t h e  c o m p l e t e  f e e d  m i x ­
t u r e  ( I I )  consumed more  TDN t h a n  t h e i r  c a l c u l a t e d  r e q u i r e m e n t s  and showed 
a n  i n c r e a s e  i n  m i l k  p r o d u c t i o n  when co m pared  t o  t h e  g r o u p  r e c e i v i n g  t h e  
l i m i t e d  g r a i n  f e e d  ( I I I ) . The d a i l y  m i l k  p r o d u c t i o n  f o r  cows on r a t i o n s  
I ,  I I ,  and  I I I  was  4 2 . 3 9  l b  ( 3 6 . 6 1  l b  FCM), 4 3 . 4 2  l b  ( 4 0 . 4 8  l b  FCM), and  
3 9 . 2 0  l b  ( 3 7 . 7 3  l b  FCM), r e s p e c t i v e l y .  No a d v e r s e  e f f e c t s  w e re  fo u n d  i n  
t h e  p e r c e n t a g e s  o f  m i l k  f a t ,  SNF, and  p r o t e i n .  The d a i l y  TDN i n t a k e  and 
TDN/FCM f o r  cows on e a c h  r a t i o n  w e r e :  ( I )  2 9 . 7 5  l b  and  0 . 8 9  l b ;  ( I I )
2 5 . 4 9  l b  and  0 . 6 4  l b ;  and  ( I I I )  2 1 . 5 7  l b  and  0 . 6 4  l b ,  r e s p e c t i v e l y .
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McCoy ( 5 9 ) ,  i n  1965 ,  compared  t h e  f e e d i n g  o f  t h r e e  c o m p l e t e  f e e d s  
t o  l a c t a t i n g  d a i r y  cows i n  a L a t i n  s q u a r e  c h a n g e - o v e r  d e s i g n .  The com­
p l e t e  f e e d s  c o n t a i n e d  307, r o u g h a g e  and  70% c o n c e n t r a t e .  R a t i o n  I  c o n ­
t a i n e d  chopped  a l f a l f a - o r c h a r d  g r a s s  h ay ;  I I  c o n t a i n e d  g r o u n d  c o r n  c o b s ;  
and r a t i o n  I I I ,  c o t t o n  s e e d  h u l l s .  The mean d a i l y  f e e d  i n t a k e  f o r  t h e s e  
r a t i o n s  was 3 9 . 5 ,  3 9 . 8 ,  and 4 4 . 5  l b  f o r  c o m p le t e  f e e d s  I ,  I I ,  and I I I ,  
r e s p e c t i v e l y .  These  d i f f e r e n c e s  were  h i g h l y  (P -^ , .01)  s i g n i f i c a n t .  The 
mean d a i l y  and  47, f a t - c o r r e c t e d  m i l k  (FCM) p r o d u c t i o n  f o r  r a t i o n s  I ,  I I ,  
and  I I I  were  4 8 . 4 ,  4 4 . 8 ;  4 5 . 8 ,  4 2 . 9 ;  and 4 8 . 3 ,  4 4 . 9  l b ,  r e s p e c t i v e l y .
Cows on c o m p le t e  f e e d s  I  and I I I  p ro d u c e d  s i g n i f i c a n t l y  ( P ^ . . 0 5 )  more 
m i l k  t h a n  cows on t h e  r a t i o n  c o n t a i n i n g  c o r n  c o b s .  No s i g n i f i c a n t  d i f f e r ­
e n c e s  i n  p e r c e n t a g e s  o f  m i l k  f a t  and p r o t e i n  w ere  fo u n d .
In  1965,  i n  a  s t u d y  o f  c o m p l e t e  f e e d s ,  L e i g h t o n  (49 )  r e p o r t e d  t h a t  
207. r o u g h a g e  i n  t h e  r a t i o n  f a i l e d  t o  m a i n t a i n  m i l k  f a t  p e r c e n t a g e ,  and 
t h a t  i n c r e a s i n g  t h e  l e v e l  o f  r o u g h a g e  t o  30%, r e t u r n e d  t h e  p e r c e n t a g e  o f  
m i l k  f a t  t o  n o r m a l .  The r o u g h a g e s  s t u d i e d  by L e i g h t o n  (49)  w e re :  ( I )
chopped a l f a l f a ,  ( I I )  g ro u n d  c o r n  c o b s  ( p l u s  u r e a ) ,  ( I I I )  c o t t o n  s e e d  
h u l l s  ( p l u s  u r e a ) ,  and (IV) c o t t o n  s e e d  h u l l s .  The c o n t r o l  r a t i o n  c o n ­
s i s t e d  o f  h a y  and c o r n  s i l a g e  p l u s  a 16%, p r o t e i n  c o n c e n t r a t e .  From th e  
r e s u l t s  o f  t h e s e  e x p e r i m e n t s ,  i t  a p p e a r s  t h a t  a c o m p l e t e  f e e d  s h o u l d  
c o n t a i n  a t  l e a s t  30% ro u g h a g e  t o  a v o i d  marked  d e p r e s s i o n  o f  t h e  p e r c e n t ­
age  o f  m i l k  f a t  o r  d i g e s t i v e  d i s t u r b a n c e s .
Benz and  c o - w o r k e r s  (8 )  r e p o r t e d  i n  1966 t h a t  c o m p l e t e  f e e d s  c o n ­
t a i n i n g  a l f a l f a  h a y l a g e  and c o t t o n  s e e d  h u l l s ,  a t  l e v e l s  o f  30 and 40%,,
10
r e s p e c t i v e l y ,  on a d r y  m a t t e r  b a s i s ,  w e re  more  e f f e c t i v e  i n  i n c r e a s i n g  
t h e  m i l k  f a t  p e r c e n t a g e  t h a n  when c o t t o n  s e e d  h u l l s  made up o n l y  307. o f  
t h e  c o m p l e t e  f e e d ,
High  E n e r g y  L e v e l s  o f  F e e d i n g
I n  1963 ,  L o v e l l  a n d  R u s o f f  (55 )  r e p o r t e d  t h e i r  r e s u l t s  o f  a lo n g  
t e r m  e x p e r i m e n t  t o  s t u d y  t h e  e f f e c t  o f  f e e d i n g  a  h i g h l y  f o r t i f i e d  v i t a -  
m i n - m i n e r a l  s u p p l e m e n t  w i t h  v a r y i n g  l e v e l s  o f  r o u g h a g e  t o  c o n c e n t r a t e  on 
m i l k  y i e l d  and c o m p o s i t i o n .  R e s u l t s  o f  t h i s  e x p e r i m e n t  i n d i c a t e d  some 
e v i d e n c e  o f  i n c r e a s e d  f a t - c o r r e c t e d  m i l k  p r o d u c t i o n  by cows f e d  t h e  s u p ­
p l e m e n t  w i t h  low c o n c e n t r a t e  r a t i o n s .  No i n c r e a s e  i n  FCM o r  i n  f e e d  
e f f i c i e n c y  f o r  m i l k  p r o d u c t i o n  was o b s e r v e d  i n  t h e  g r o u p  o f  cows f e d  t h e  
s u p p l e m e n t e d  h i g h  c o n c e n t r a t e  r a t i o n s .
R u s o f f  (94 )  h a s  s u m m a r ized  t h e  p h y s i o l o g i c a l  e f f e c t s  o f  h i g h  g r a i n  
f e e d i n g  a s  (1 )  i n c r e a s e d  f e e d  i n t a k e  and  m i l k  p r o d u c t i o n ,  (2)  d e c r e a s e d  
b u t t e r f a t  t e s t s ,  ( 5 )  d e c r e a s e d  f i b e r  d i g e s t i b i l i t y ,  and  (4 )  a r e d u c t i o n  
i n  m e t a b o l i c  h e a t  p r o d u c t i o n .
High  c o n c e n t r a t e  f e e d i n g  t o  l a c t a t i n g  d a i r y  cows was  r e p o r t e d  by 
Emery e_t a K  (2 2 )  a t  M i c h i g a n  S t a t e  U n i v e r s i t y .  I n  t h e i r  w o r k ,  g r o u n d  
c o r n  c o b s  w ere  com pared  w i t h  g r o u n d  h a y  i n  one t r i a l  and  ch o p p ed  h a y  i n  
a s e c o n d  one .  T h es e  r o u g h a g e s  c o m p r i s e d  207o o f  t h e  r a t i o n .  The r e s u l t s  
o b t a i n e d  i n d i c a t e d  t h a t  g r o u n d  c o r n  c o b s  w e re  a  b e t t e r  r o u g h a g e  t h a n  
g r o u n d  h a y ,  and  e q u a l  t o  ch o p p ed  h a y  f o r  m a i n t a i n i n g  f e e d  i n t a k e  and 
m i l k  p r o d u c t i o n .  H ow ever ,  a t  t h i s  low l e v e l  o f  r o u g h a g e  i n  t h e  r a t i o n ,  
a l l  t r e a t m e n t s  f a i l e d  t o  m a i n t a i n  t h e  p r e t r i a l  f a t  p e r c e n t a g e  i n  t h e  m i l k .
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The e f f e c t  o f  f e e d i n g  h i g h  c o n c e n t r a t e - l o w  ro u g h a g e  c o m p l e t e  
r a t i o n s  d u r i n g  t h e  summer m on ths  h a s  b e e n  s u b j e c t  m a t t e r  o f  t h e  i n v e s ­
t i g a t i o n s  o f  L e i g h t o n  ( 4 8 ,  4 9 ) .  He com pared  t h e  h o t  w e a t h e r  p e r f o r m ­
a n c e  o f  t h i r t y - s i x  d a i r y  cows ( s i x  H o l s t e i n s  and  s i x  J e r s e y s  p e r  g r o u p )  
on  t h r e e  r a t i o n s .  The e x p e r i m e n t a l  r a t i o n s  w ere  c o m p l e t e  m i x t u r e s  c o n ­
t a i n i n g  30% a l f a l f a  h a y ,  ch o p p ed  o r  g r o u n d ,  and 70% g ro u n d  sorghum  g r a i n .  
The c o n t r o l  g r o u p  r e c e i v e d  a l f a l f a  h a y  and  a  16% p r o t e i n - c o n c e n t r a t e  
m i x t u r e  ad  l i b i t u m .
H is  r e s u l t s  i n d i c a t e d  t h a t  f e e d i n g  g r o u n d  h a y  a t  a 30%, l e v e l  i n  a 
c o m p l e t e  f e e d  d i d  d e p r e s s  b u t t e r f a t  p e r c e n t a g e ;  h o w e v e r ,  ch o p p ed  h a y  a t  
t h e  same l e v e l  s u p p o r t e d  n o r m a l  f a t  t e s t s .
E f f e c t  o f  L e v e l  o f  M o l a s s e s  i n  C o m p le te  F e e d s
K om kris  £ t  a_l. (45 )  com pared  two l e v e l s  o f  m o l a s s e s  (13% and  19.7%,) 
i n  a  c o m p l e t e  f e e d  and  i n  g r a i n  and  r o u g h a g e  f e d  s e p a r a t e l y .  Twelve  l a c -  
t a t i n g  H o l s t e i n  cows w e re  r a n d o m l y  a s s i g n e d  t o  t h r e e  g r o u p s  o f  f o u r  cows 
e a c h  and  t o  t h r e e  b l o c k s  o f  a  4 x 4 L a t i n  s q u a r e  c h a n g e - o v e r  d e s i g n .  The 
f o u r  t r e a t m e n t s  d i d  n o t  s i g n i f i c a n t l y  i n f l u e n c e  d a i l y  m i l k  p r o d u c t i o n  o r  
4% FCM, p e r c e n t  b u t t e r f a t ,  t o t a l  s o l i d s  o r  m i l k  p r o t e i n .  M i l k  f rom  a n i ­
m a l s  r e c e i v i n g  t h e  c o m p l e t e  r a t i o n s  t e s t e d  l o w e r  i n  m i l k  f a t  t h a n  t h a t  
f rom  a n i m a l s  r e c e i v i n g  t h e  c o m p a r a b l e  s e p a r a t e l y  f e d  r a t i o n s .
D i g e s t i o n  t r i a l s  i n  w h ic h  t h e  f o u r  r a t i o n s  w e re  f e d  t o  s h e e p  
showed t h a t  t h e  d i g e s t i b i l i t y  o f  o r g a n i c  m a t t e r  and NFE w e re  i n f l u e n c e d  
by t h e  l e v e l s  o f  m o l a s s e s  f e d .  H igh  l e v e l s  o f  m o l a s s e s  l o w e r e d  t h e  d i ­
g e s t i b i l i t y  o f  c e r t a i n  n u t r i e n t s .  I t  was o b s e r v e d  t h a t  t h e  c o m p l e t e l y
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m ixed  r a t i o n  c o n t a i n i n g  b o t h  r o u g h a g e  and  c o n c e n t r a t e  was e a s i e r  t o  
h a n d l e .
D i g e s t i b i l i t y  o f  C o m p le te  F eeds
McCoy e t  ajL. (61 )  r e p o r t e d  on t h e  d i g e s t i b i l i t y  o f  t h r e e  c o m p l e t e  
f e e d s  and  t h e i r  d i u r n a l  e x c r e t i o n  p a t t e r n  d u r i n g  a s h o r t  t e r m  e x p e r i m e n ­
t a l  p e r i o d .  The r o u g h a g e s  f e d  i n  t h e  c o m p l e t e  f e e d s  w e re  a l f a l f a  o r c h a r d  
g r a s s  h a y ,  c o r n  c o b s  and c o t t o n  s e e d  h u l l s  a t  a  307, l e v e l  i n  t h e  r a t i o n .  
T h e s e  c o m p l e t e  f e e d s  w e re  f e d  ad  l i b i t u m  t o  l a c t a t i n g  d a i r y  cows i n  a 
L a t i n  s q u a r e  c h a n g e - o v e r  d e s i g n .  The c o e f f i c i e n t s  o f  a p p a r e n t  d i g e s t i b i l ­
i t y  f o r  d r y  m a t t e r ,  c r u d e  p r o t e i n ,  e t h e r - e x t r a c t , and  n i t r o g e n - f r e e  e x t r a c t  
w e re  s i m i l a r  f o r  t h e  t h r e e  c o m p l e t e  f e e d s .  The TDN v a l u e s  f o r  t h e  h a y ,  
c o r n  cob and  c o t t o n  s e e d  h u l l  c o m p l e t e  f e e d s  w e re  6 7 . 3 ,  6 2 . 9 ,  and 65.9%,  
r e s p e c t i v e l y ;  t h e  mean d a i l y  f e e d  c o n s u m p t i o n  f o r  t h e s e  f e e d s  was 1 7 . 6 ,  
1 6 . 1 ,  and 1 7 . 1  k g ,  r e s p e c t i v e l y .  D a i l y  m i l k  p r o d u c t i o n  was 1 6 . 3 ,  1 8 . 8 ,  
and  1 9 . 3  k g ,  r e s p e c t i v e l y .
O t h e r  S o u r c e s  o f  Roughage  f o r  C o m p le te  F e e d s
I n  1967 ,  Ward e_t a_l. (1 0 9 )  r e p o r t e d  t h a t  b a r l e y  s t r a w  h a s  b e e n  
s u c c e s s f u l l y  u s e d  i n  c o m p l e t e  r a t i o n s  f o r  l a c t a t i n g  d a i r y  cows.
R a n d e l  (84 )  com pared  t h e  ad  l i b i t u m  f e e d i n g  o f  a m i x t u r e  c o n t a i n ­
i n g  157, s u g a r  c a n e  b a g a s s e  and 85% c o n c e n t r a t e  w i t h  a  c o n v e n t i o n a l  s y s t e m  
o f  f e e d i n g  ( c o n c e n t r a t e s  a c c o r d i n g  t o  l e v e l  o f  p r o d u c t i o n  p l u s  g r a s s  and  
s i l a g e  ad  l i b i t u m ) . The r e s u l t s  o f  t h i s  e x p e r i m e n t  showed t h a t  t h e  f e e d ­
i n g  o f  t h e  c o m p l e t e  f e e d  c a u s e d  a d e f i n i t e  i n c r e a s e  i n  t h e  l e v e l  o f  m i l k  
p r o d u c t i o n  and  i n  a l l  o f  t h e  m i l k  c o n s t i t u e n t s .  The a v e r a g e  d a i l y  m i l k
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p r o d u c t i o n  by t h e  c o n t r o l  and e x p e r i m e n t a l  cows w e re  3 3 . 7  and  4 7 . 4  l b .  
A v e ra g e  p e r c e n t a g e s  o f  co m p o n en ts  i n  m i l k  f o r  t h e  c o n t r o l  and e x p e r i ­
m e n t a l  cows w e re  a s  f o l l o w s :  f a t ,  3 . 1 6  and  3 . 3 2 ;  p r o t e i n ,  3 . 0 9  and  3 . 5 9 ;
SNF, 8 . 7  and 9 . 3 7  and t o t a l  s o l i d s ,  1 1 .9 2  and  1 2 . 6 9 ,  r e s p e c t i v e l y .
C om m erc ia l  F e e d i n g  o f  C o m p le te  F e e d s  t o  D a i r y  Cows
Ward et^ <^1. ( 1 0 9 ) ,  i n  1967 ,  r e p o r t i n g  on t h e  c o m m e r c i a l  f e e d i n g  o f  
c o m p l e t e  f e e d s  t o  l a c t a t i n g  d a i r y  cow s ,  r e l a t e d  t h a t  t h e r e  h a v e  b e e n  no 
a p p r e c i a b l e  d i f f e r e n c e s  i n  m i l k  f a t  t e s t s ,  a l t h o u g h  cows on a c o n v e n t i o n a l  
f o r a g e  and  c o n c e n t r a t e  r a t i o n  may t e s t  s l i g h t l y  h i g h e r .  Cows on c o m p l e t e  
r a t i o n s  seemed t o  be somewhat  h i g h e r  p r o d u c e r s ,  and  w e re  f l e s h i e r  t h a n  
t h e i r  c o u n t e r p a r t s .  The r a t i o n s  f e d  t o  t h e s e  cows c o n t a i n e d  40%, ro u g h a g e  
and 607o c o n c e n t r a t e .
I n  1965 ,  W elch  e^t a_l. ( I l l )  r e p o r t e d  on an  ec o n o m ic  s t u d y  o f  d a i r y  
f a rm s  i n  G e o r g i a  w h ic h  w ere  f e e d i n g  c o m p l e t e  f e e d s  c o n t a i n i n g  40% r o u g h ­
age  and 60% c o n c e n t r a t e .  They c o n c l u d e d  t h a t  c o m p l e t e  f e e d s  h a v e  a 
p r o m i s i n g  p o t e n t i a l  f o r  c e r t a i n  h e r d s  w h e re  t h e  management  l e v e l  i s  h i g h  
and  t h e  cows h a v e  a n  i n h e r e n t  c a p a c i t y  t o  p r o d u c e .  Cows p l a c e d  on such  
f e e d i n g  s y s t e m s  l a t e  i n  l a c t a t i o n  u s u a l l y  do  n o t  r e s p o n d  w i t h  h i g h e r  m i l k  
y i e l d ,  b u t  w i t h  g a i n s  i n  body w e i g h t .
Adams ( 2 ) ,  i n  1967 ,  r e p o r t e d  t h a t  c o m p l e t e  f e e d s  a p p e a r  t o  g i v e  
b e t t e r  r e s u l t s  when  f e d  f o r  o n l y  s h o r t  p e r i o d s  o f  t i m e  (3 t o  6 m o n t h s )  
t h a n  i n  c a s e s  w h e re  i t  h a s  b e e n  t h e  s o l e  s o u r c e  o f  f e e d  f o r  a y e a r  o r  
more  .
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E f f e c t  o f  C o m p le te  F e e d s  on H e a l t h  o f  t h e  A n im a ls
S e v e r a l  p r o b l e m s  h a v e  b e e n  e n c o u n t e r e d  i n  t h e  h e a l t h  o f  t h e  a n i ­
m a l s  when c o m p l e t e  f e e d s  h a v e  b e e n  f e d  f o r  e x t e n d e d  p e r i o d s .  D i g e s t i v e  
d i s t u r b a n c e s ,  d i s p l a c e d  obomasums,  k e t o s i s ,  d e c r e a s e d  f e r t i l i t y ,  s t i f f  
j o i n t s  and  e x c e s s i v e  d r i n k i n g  a n d  u r i n a t i o n  h a v e  b e e n  o b s e r v e d  ( 2 ,  84 ,  
109) -
Summary
I t  may be s t a t e d  t h a t  t h e r e  a r e  many u n a n s w e r e d  q u e s t i o n s  a s s o c i ­
a t e d  w i t h  t h e  f e e d i n g  o f  c o m p l e t e  r a t i o n s ;  h o w e v e r ,  i t  a p p e a r s  t h a t  m o s t  
o f  t h e  r e s e a r c h  i n  t h i s  a r e a  h a s  b e e n  done  i n  s w i t c h  b a c k  e x p e r i m e n t a l  
d e s i g n s  f o r  s h o r t  p e r i o d s  o f  t i m e .  To t h e  p r e s e n t  d a t e ,  r e s u l t s  o f  a v e r ­
a g e  p r o d u c i n g  cows show s l i g h t  i n c r e a s e s  o r  no c h a n g e  i n  m i l k  p r o d u c t i o n  
and  no c h a n g e  o r  s l i g h t  d e c r e a s e s  i n  m i l k  f a t  p e r c e n t a g e  when t h e  a n i m a l s  
a r e  f e d  a  7 0 :3 0  c o n c e n t r a t e  t o  r o u g h a g e  r a t i o .
More i n f o r m a t i o n  i s  n e e d e d  on t h e  v a l u e  o f  b u i l t - i n  f e e d  m i x t u r e s  
f o r  l a c t a t i n g  d a i r y  cows on a c o n t i n u o u s  f e e d i n g  t r i a l  u n d e r  L o u i s i a n a  
c o n d i t i o n s .  Such  f a c t o r s  a s  t h e  k i n d  o f  r o u g h a g e  t o  u s e ,  t h e  e f f e c t  o f  
l e v e l  o f  f e e d i n g  on m i l k  p r o d u c t i o n ,  f e e d  e f f i c i e n c y  f o r  m i l k  p r o d u c t i o n ,  
an d  h e a l t h  o f  t h e  a n i m a l s  n e e d  t o  be i n v e s t i g a t e d .
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E n e rg y
M ethods  o f  E x p r e s s i n g  N u t r i t i v e  V a lu e
C a l o r i m e t r y
E n e r g y ,  t h e  c a p a c i t y  t o  do  w o rk ,  and h e a t  p r o d u c t i o n  a r e  two e n ­
t i t i e s  w h ic h  a r e  c l o s e l y  r e l a t e d .  The h e a t  g e n e r a t e d  upon  c o m b u s t i o n  
i s  t h u s  a m e a s u r e  o f  t h e  p o t e n t i a l  e n e r g y  o f  f o o d s t u f f s ,  body t i s s u e  
and  e x c r e t a .
A l l  m e a s u r e s  o f  f e e d  e n e r g y ,  e x c e p t  i n  t h e  c a s e  o f  t o t a l  d i g e s ­
t i v e  n u t r i e n t s ,  a r e  e x p r e s s e d  i n  t e r m s  o f  k i l o c a l o r i e s . The i n i t i a l  
s t e p  t o  d e t e r m i n e  t h e  g r o s s  e n e r g y  o f  f e e d s t u f f s  i s  t o  o b t a i n  t h e i r
t o t a l  e n e r g y  o r  h e a t  o f  c o m b u s t i o n ;  t h e s e  v a l u e s  a r e  o b t a i n e d  by o x i ­
d a t i o n  o f  t h e  s a m p le  m a t e r i a l  i n  a bomb c a l o r i m e t e r .
A l t h o u g h  t h e  g r o s s  e n e r g y  v a l u e  i s  t h e  m o s t  common c h a r a c t e r i s ­
t i c  t o  w h ic h  a l l  t h e  o r g a n i c  s u b s t a n c e s  a r e  r e d u c e d ,  i n  m o s t  c a s e s ,  i t s  
d i r e c t  d e t e r m i n a t i o n  i s  t i m e  c o n s u m in g  and  e x p e n s i v e  ( 1 0 4 ) .  O t h e r  m e a s ­
u r e s  o f  d e t e r m i n i n g  t h e  n u t r i t i v e  v a l u e  o f  f e e d s t u f f s  a r e  commonly u s e d ,  
b u t  a l l  o f  them,  t h e  s y s t e m  i n v o l v i n g  t h e  d i r e c t  d e t e r m i n a t i o n  o f  t h e  p o ­
t e n t i a l  g r o s s  e n e r g y  o f  t h e  f e e d s t u f f s  s h o u l d  be l o o k e d  upon  a s  one o f
t h e  m o s t  a c c u r a t e  s y s t e m s  a v a i l a b l e .
Hawkins  (33 )  s t a t e d  t h a t  t h e  u s e  o f  t h e  bomb c a l o r i m e t e r  t o  m e a s ­
u r e  e n e r g y  v a l u e s  i s  e f f e c t i v e  i n  r e d u c i n g  t h e  c o e f f i c i e n t  o f  v a r i a b i l ­
i t y  i n  b i o l o g i c a l  e x p e r i m e n t s .
D i g e s t i b l e  E n e rg y
D i g e s t i b l e  e n e r g y ,  a c a l o r i c  m e a s u r e ,  i s  t h e  m o s t  r e c e n t  a d d i t i o n  
t o  t h e  e v a l u a t i o n  o f  f e e d s t u f f s  i n  t h i s  c o u n t r y .  I t  i s  s i m i l a r  t o  TDN
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i n  t h a t  i t  d o e s  n o t  t a k e  i n t o  a c c o u n t  e n e r g y  l o s s e s  i n  t h e  u r i n e  o r  com­
b u s t i b l e  g a s e s  .
D i g e s t i b l e  e n e r g y  i s  o b t a i n e d  by s u b t r a c t i n g  t h e  h e a t  o f  combus­
t i o n  o f  t h e  f e c e s  f rom t h e  g r o s s  e n e r g y  o f  t h e  f e e d .  D i g e s t i b l e  e n e r g y  
c a n  be c a l c u l a t e d  by d i r e c t  m e th o d  ( b u r n i n g  t h e  s a m p l e s  i n  a bomb c a l ­
o r i m e t e r )  o r  by t h e  i n d i r e c t  m e thod  w h ic h  u s e s  t h e  g r o s s  c a l o r i c  f a c t o r s  
o f  4 . 1 5  f o r  c a r b o h y d r a t e s ,  9 . 4 0  f o r  f a t  and  5 . 6 5  f o r  p r o t e i n .
The u s e  o f  t h e  c a l o r i c  f a c t o r s  s h o u l d  be r e g a r d e d  a s  a  l a s t  r e s o r t  
when e s t i m a t i n g  t h e  n u t r i t i v e  v a l u e  o f  a n i m a l  f e e d s  s i n c e  t h e s e  v a l u e s  
w ere  o b t a i n e d  w i t h  a v e r a g e  human d i e t s .
I n  1933,  Overman and G a i n e s  (77 )  a d v o c a t e d  t h e  u s e  o f  d i g e s t i b l e  
e n e r g y  a s  a b e t t e r  m e a s u r e  t o  d e t e r m i n e  t h e  n u t r i t i v e  v a l u e  o f  f e e d s t u f f s  
t h a n  t h e  commonly u s e d  TDN s y s t e m .
S w i f t  ( 1 0 1 ) ,  i n  1957 ,  s u g g e s t e d  t h e  a d o p t i o n  o f  d i g e s t i b l e  e n e r g y  
i n  p l a c e  o f  TDN, p o i n t i n g  o u t  t h e  s u p e r i o r i t y  o f  t h i s  e x p e r i m e n t a l  p r o ­
c e d u r e .  L o f g r e e n  (52 )  h a s  p o i n t e d  o u t  t h a t  when TDN v a l u e s  f o r  f e e d s t u f f s  
w e re  c a l c u l a t e d  f rom v a l u e s  o b t a i n e d  w i t h  t h e  bomb c a l o r i m e t e r ,  t h e  e s t i ­
m a t i o n  o f  t h e i r  n u t r i t i v e  v a l u e  was more  a c c u r a t e  t h a n  t h e  c o n v e n t i o n a l  
m e th o d ;  t h i s  i s  due  t o  t h e  f a c t  t h a t  t h e  bomb c a l o r i m e t e r  g i v e s  t h e  
v a r i o u s  n u t r i e n t s  t h e i r  p r o p e r  h e a t  o f  c o m b u s t i o n  v a l u e s .
D i g e s t i b l e  e n e r g y  i s  a d i r e c t  m e a s u r e  o f  t h e  d i s a p p e a r a n c e  o f  t h e  
o r g a n i c  n u t r i e n t s  p r e s e n t  i n  a f e e d s t u f f  a s  t h e y  p a s s  t h r o u g h  t h e  d i g e s ­
t i v e  t r a c t .
A c h a c o s o  (1)  s t a t e d  t h a t  s i n c e  one o f  t h e  m a j o r  f u n c t i o n s  o f  f e e d ­
s t u f f s  i s  t o  f u r n i s h  e n e r g y ,  i t  i s  l o g i c a l  t o  f o c u s  a t t e n t i o n  on
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d i g e s t i b l e  e n e r g y  w i t h o u t  r e g a r d  t o  w h e t h e r  t h e  s o u r c e  o f  t h a t  e n e r g y  i s  
s t a r c h ,  c e l l u l o s e  o r  c r u d e  f i b e r .
T o t a l  D i g e s t i b l e  N u t r i e n t s  (TDN)
The t e r m ,  " t o t a l  d i g e s t i b l e  n u t r i e n t s , "  h a s  b e e n  u s e d  a s  a g e n e r a l  
m e a s u r e  o f  t h e  n u t r i t i v e  v a l u e  o f  t h e  f e e d  ( 5 7 ) .  TDN v a l u e s  h a v e  b e e n  
c a l c u l a t e d  f rom  d a t a  o b t a i n e d  i n  d i g e s t i o n  t r i a l s .  T h ese  t r i a l s  h a v e  
p r o v i d e d  t h e  b a s i s  t o  c a l c u l a t e  t h e  d i g e s t i o n  c o e f f i c i e n t s  f o r  e a c h  o f  
t h e  n u t r i e n t s  i n  t h e  f e e d ,  n a m e ly  - -  p r o t e i n ,  f a t ,  and  c a r b o h y d r a t e s .  
M o r r i s o n ' s  f e e d i n g  s t a n d a r d s  ( 6 9 ) ,  w h ic h  a r e  u n d o u b t e d l y  t h e  m o s t  w i d e l y  
u s e d  s t a n d a r d s  i n  t h e  U n i t e d  S t a t e s  and  o t h e r  c o u n t r i e s ,  a r e  b a s e d  on 
TDN a s  a  m e a s u r e  o f  t h e  e n e r g y  r e q u i r e m e n t s  o f  a n i m a l s  and  t h e  e n e r g y  
v a l u e  o f  t h e  f e e d .
The TDN s y s t e m  i s  o f t e n  c r i t i c i z e d  b e c a u s e  i t  d o e s  n o t  v e r y  a c ­
c u r a t e l y  a s s e s s  t h e  v a l u e  o f  f e e d s t u f f s .  L o o s l i  (53 )  and  R e id  (8 6 )  h a v e  
shown t h a t  TDN s t a n d a r d s  a r e  d e f i c i e n t  f o r  m ode rn  g o a l s  o f  p r o d u c t i o n  
w i t h  h i g h  p r o d u c i n g  cow s .  S e v e r a l  a u t h o r s  ( 5 2 ,  101) h a v e  p o i n t e d  o u t  
t h e  s h o r t c o m i n g s  and  i n a c c u r a c i e s  i n h e r e n t  i n  t h e  d e t e r m i n a t i o n  o f  TDN 
v a l u e s .  I n  1944 ,  Maynard  (58 )  c a u t i o n e d  a g a i n s t  t h e  w i d e s p r e a d  u s e  o f  
a v e r a g e  v a l u e s ,  a s  i n  t h e  c a s e  o f  t h e i r  u s e  i n  t h e  d e t e r m i n a t i o n  o f  TDN 
v a l u e s .
S c h n e i d e r ,  i n  1954 ( 9 5 ) ,  s t a t e d  t h a t  t h e  u s e  o f  t h e  TDN s y s t e m  
l a c k s  s c i e n t i f i c  c o n c e p t s  o f  n u t r i t i o n  t h e o r y  when co m pared  t o  o t h e r  
more  a c c u r a t e  and  m ode rn  s y s t e m s .
McCoy £ t  a_l. , 1966 (61)  , i n  a s t u d y  d e s i g n e d  t o  d e t e r m i n e  t h e  d i ­
g e s t i b i l i t y  o f  t h r e e  c o m p l e t e  f e e d s ,  r e p o r t e d  t h a t  t h e  TDN v a l u e  o f
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t h e i r  r a t i o n s ,  a s  c a l c u l a t e d  by M o r r i s o n ' s  t a b l e s ,  was h i g h e r  t h a n  t h e  
a c t u a l  TDN v a l u e  o b t a i n e d  by d i g e s t i b i l i t y  t r i a l s .  L o v e l l  and R u s o f f  
( 5 5 ) ,  i n  1963 ,  i n  a  s t u d y  o f  t h e  e f f e c t  o f  f e e d i n g  a h i g h l y  f o r t i f i e d  
v i t a m i n  m i n e r a l  s u p p l e m e n t  i n  a  h i g h  and  low c o n c e n t r a t e  r a t i o n  f o r  
d a i r y  cow s ,  r e p o r t e d  t h a t  t h e  a c t u a l  TDN v a l u e s  o b t a i n e d  f o r  t h e i r  _ 
r a t i o n s  w e r e  c o n s i d e r a b l y  l o w e r  t h a n  t h e  c o r r e s p o n d i n g  e s t i m a t e d  TDN 
v a l u e s .
S i m i l a r  r e s u l t s  i n  t h e  e v a l u a t i o n  o f  f o r a g e s  w e re  r e p o r t e d  by 
Kane ( 4 1 ) .
One o f  t h e  m a in  c r i t i c i s m s  i n  t h e  d e t e r m i n a t i o n  o f  TDN i s  t h e  
number  o f  c h e m i c a l  a n a l y s e s  t h a t  h a v e  t o  be p e r f o r m e d  and  t h e  i n a c c u r a c y  
o f  s u c h  m e t h o d s ,  e s p e c i a l l y  when d e t e r m i n i n g  t h e  c a r b o h y d r a t e  p o r t i o n  o f  
t h e  f e e d s  ( 1 ) .  TDN r e p r e s e n t s  a p p a r e n t l y  d i g e s t i b l e  m a t t e r  com puted  a s  
t h e  d i e t a r y - f e c a l  d i f f e r e n c e  ( 8 8 ) .  I n  o r d e r  t o  o b t a i n  t h i s  d i f f e r e n c e ,  
a l a r g e  number  o f  t i m e - c o n s u m i n g  and  i n a c c u r a t e  c h e m i c a l  a n a l y s e s  h a v e  
t o  be p e r f o r m e d ;  t h e r e f o r e ,  t h e  TDN s y s t e m  h a s  t o  be l o o k e d  upon  a s  a 
l a b o r i o u s ,  cumbersome and  i n d i r e c t  e f f o r t  t o  d e t e r m i n e  d i g e s t i b l e  e n e r g y  
( 101) .
B e c a u s e  o f  t h e  i n c o n s i s t e n c y  o f  t h e  TDN v a l u e s  o b t a i n e d  by d i f ­
f e r e n t  a u t h o r s ,  and  t h e  u s e  o f  d i f f e r e n t  s y s t e m s  t h r o u g h o u t  t h e  l i t e r a ­
t u r e  i n  e v a l u a t i n g  f e e d s t u f f s ,  i t  a p p e a r s  t h a t  no  one s i n g l e  s y s t e m  o f  
f e e d  e v a l u a t i o n  h a s  b e e n  p r o v e n  t o  be i n f a l l i b l e .
F e e d  I n p u t - O u t p u t  R e l a t i o n s h i p s
The g r e a t  number o f  r e p o r t s  w h ic h  h a v e  b e e n  p u b l i s h e d  d u r i n g  t h e  
l a s t  few y e a r s  on t h e  s u b j e c t  o f  f e e d  i n p u t - o u t p u t  r e l a t i o n s h i p  g i v e s
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c l e a r  e v i d e n c e  o f  t h e  i n t e r e s t  o f  t h i s  t o p i c .  However ,  from a l l  t h e s e  
r e p o r t s ,  no  d e f i n i t e  a n s w e r  h a s  y e t  b e e n  d e r i v e d  a s  a q u a n t i t a t i v e  r e ­
q u i r e m e n t  f o r  optimum m i l k  p r o d u c t i o n  o f  h i g h  p r o d u c i n g  d a i r y  cows.  T h i s  
may be l a r g e l y  a t t r i b u t e d  t o  t h e  g r e a t  v a r i e t y  o f  r o u g h a g e s  a v a i l a b l e  
f o r  u s e ,  t h e  wide  r a n g e  o f  c o n c e n t r a t e - r o u g h a g e  r a t i o  f e d  t o  t h e  cows and 
t h e  d i f f e r e n t  e n e r g y  s y s t e m s  w h ich  a r e  found  t h r o u g h o u t  t h e  l i t e r a t u r e  i n  
m a k ing  e v a l u a t i o n s  o f  f e e d  i n p u t .
I n  1961,  i n  a n  e x t e n s i v e  s t u d y  by R e id  ( 8 6 ) ,  on t h e  f e e d i n g  s t a n d ­
a r d s  f o r  l a c t a t i n g  d a i r y  cows ,  h e  s u g g e s t e d  t h a t  p r e s e n t  s t a n d a r d s  a r e  
i n s u f f i c i e n t  f o r  t h e  f o l l o w i n g  r e a s o n s :  a )  t h e y  a r e  b a s e d  on d a t a  o b ­
t a i n e d  f rom low p r o d u c i n g  cows,  b) t h e  TDN v a l u e  o f  t h e  r a t i o n s  d e c r e a s e s  
w i t h  i n c r e a s i n g  f e e d  i n t a k e ,  c )  i n c r e a s e d  e n e r g y  i n p u t  above  t h e  f e e d i n g  
s t a n d a r d s  r e s u l t  i n  i n c r e a s e d  m i l k  o u t p u t ,  d)  i n c r e a s e  i n  t h e  i n h e r e n t  
g e n e t i c  p o t e n t i a l  o f  d a i r y  cows ,  e )  c u r r e n t  f e e d i n g  s t a n d a r d s  do n o t  
t a k e  i n t o  c o n s i d e r a t i o n  t h e  e n e r g y  s t o r e d  by t h e  cows d u r i n g  d r y  p e r i o d s  
o f  f e e d i n g ,  and f )  TDN v a l u e s  r e c o r d e d  i n  t a b l e s  o f  f e e d i n g  v a l u e s  and 
u s e d  i n  c o n j u n c t i o n  w i t h  f e e d i n g  s t a n d a r d s  h a v e  b e e n  d e t e r m i n e d  a t  o r  
a b o u t  t h e  m a i n t e n a n c e  l e v e l  o f  i n t a k e .
He p o s t u l a t e d  t h e  TDN r e q u i r e m e n t s  p e r  pound o f  FCM p r o d u c e d ,  and 
s u g g e s t e d  t h a t  t h e  r e q u i r e m e n t s  v a r y  f rom 0 . 3 0  lb  above  m a i n t e n a n c e  f o r  
cows p r o d u c i n g  0 t o  10 l b  o f  m i l k  d a i l y  up t o  a p p r o x i m a t e l y  0 . 5 3  lb  o f  
TDN p e r  pound o f  FCM f o r  cows y i e l d i n g  90 t o  100 l b  o f  FCM d a i l y .
M o r r i s o n ' s  f e e d i n g  s t a n d a r d s  (69 )  and t h e  N a t i o n a l  R e s e a r c h  Coun­
c i l ' s  s t a n d a r d s  (71 )  a r e  t h e  m o s t  commonly u sed  f e e d i n g  s t a n d a r d s  in  
N o r th  A m e r ic a .  They p r e s c r i b e  a l l o w a n c e s  o f  0 . 3 1  t o  0 . 3 2  l b  o f  t o t a l
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d i g e s t i b l e  n u t r i e n t s  p e r  pound o f  4% f a t  c o r r e c t e d  m i l k  i n  a d d i t i o n  t o  
t h e i r  a l l o w a n c e s  f o r  m a i n t e n a n c e ,  g r o w th  and  p r e g n a n c y .  B o th  M o r r i s o n ' s  
and  N a t i o n a l  R e s e a r c h  C o u n c i l ' s  f e e d i n g  s t a n d a r d s  a r e  b a s e d  p r i m a r i l y  on 
t h e  o b s e r v a t i o n s  o b t a i n e d  by H a e c k e r  ( 2 7 ,  28)  f rom 1901 t o  1914 .
D e s p i t e  t h e  f a c t  t h a t  i n  g e n e r a l ,  t h e  f e e d  i n p u t - m i l k  o u t p u t  o b ­
s e r v a t i o n s  d u r i n g  t h e  l a s t  few y e a r s  ( 1 3 ,  16 ,  39 ,  83)  h a v e  shown t h a t  
f e e d  i n p u t s  a b o v e  t h e  f e e d i n g  s t a n d a r d  l e v e l  r e s u l t s  i n  i n c r e a s e d  m i l k  
p r o d u c t i o n ,  t h e  f e e d i n g  a l l o w a n c e s  o f  p r e s e n t  d a y  d a i r y  cows a r e  s t i l l  
o f  t h e  same m a g n i t u d e  a s  t h o s e  recommended by H a e c k e r  i n  1903 ( 2 7 ) .
R e id  ( 8 6 ,  8 7 ) ,  i n  1956 and  1961 ,  r e v e a l e d  t h a t  a l m o s t  i n v a r i a b l y ,  
t h e  o u t p u t  o f  m i l k  i n c r e a s e s ,  t h o u g h  a t  a n  e v e r - d e c r e a s i n g  r a t e  p e r  u n i t  
o f  e n e r g y  i n p u t ,  a s  t h e  e n e r g y  i n p u t  i s  i n c r e a s e d .  H owever ,  C h a r r o n  (18 )  
r e p o r t e d  t h a t  i n c r e a s i n g  t h e  e n e r g y  i n p u t  t o  l a c t a t i n g  d a i r y  cow s ,  r e s u l ­
t e d  i n  a n  i n c r e a s e  i n  m i l k  p r o d u c t i o n ,  b u t  a l s o  i n  a n  i n c r e a s e  i n  f e e d  
e f f i c i e n c y  ( l b  o f  TDN/lb  o f  FCM). A l t h o u g h  he  d i d  n o t  c o n c l u d e  t h a t  
e n e r g y  r e q u i r e m e n t s  f o r  p r o d u c t i o n  d e c r e a s e d  w i t h  i n c r e a s i n g  l e v e l  o f  o u t ­
p u t ,  R e i d  (8 7 )  s u g g e s t e d  t h a t  lo w er  e n e r g y  i n t a k e s  by t h e  low p r o d u c i n g  
cows may p o s s i b l y  r e s u l t  i n  t h e  same o u t p u t s  o f  m i l k .
S i m i l a r  i n c r e a s e s  i n  f e e d  e f f i c i e n c y  w e re  r e p o r t e d  by L o o s l i  ( 5 3 ) ,  
a l t h o u g h ,  t h e r e  i s  n o t  en o u g h  e v i d e n c e  w i t h  h i g h  p r o d u c i n g  cows t o  d e t e r ­
m in e  w h a t  t h e i r  r e q u i r e m e n t s  a r e .
Jumah ^ t  a_l. ( 4 0 ) ,  i n  1965 ,  i n  a  s t u d y  on  e n e r g y  and p r o t e i n  u t i ­
l i z a t i o n  d u r i n g  l a c t a t i o n ,  r e p o r t e d  t h a t  t h e  a v e r a g e  r e q u i r e m e n t  f o r  
m i l k  p r o d u c t i o n  f o r  h i g h  p r o d u c i n g  cows was 0 . 2 9  l b  o f  TDN p e r  pound o f  
4% FCM. I n  t h e i r  w o rk ,  t h e y  a l s o  p o i n t e d  o u t  t h a t  n e t  e f f i c i e n c y  o f
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e n e r g y  u t i l i z a t i o n  was h i g h e s t  a t  t h e  h i g h e s t  l e v e l  o f  p r o d u c t i o n  d u r i n g  
e a r l y  l a c t a t i o n  a n d  g r a d u a l l y  d e c r e a s e d  w i t h  d e c l i n e  i n  p r o d u c t i o n .
Armsby (3 )  c a l c u l a t e d  0 . 2 8 5  l b  o f  TDN was  t h e  r e q u i r e m e n t  p e r  pound  o f  
4 % FCM; w h e r e a s ,  M u l l g a a r d  (70 )  r e p o r t e d  a v a l u e  o f  0 . 3 0 0  l b  o f  TDN p e r  
pound  o f  FCM p r o d u c e d .
I n  a more  r e c e n t  s t u d y  by M cC ul lough  ( 6 3 ) ,  i t  was  r e p o r t e d  t h a t  
0 . 2 8 0  t o  0 . 2 9 0  l b  o f  TDN w ere  r e q u i r e d  f o r  e v e r y  pound o f  4 °U FCM p r o d u c e d  
by l a c t a t i n g  d a i r y  cows .
Moe e_t a^l. ( 6 6 ) ,  i n  1965,  i n  a  s t u d y  d e s i g n e d  t o  d e t e r m i n e  t h e  
l e v e l  o f  i n t a k e  on  d i g e s t i b i l i t y  o f  d i e t a r y  e n e r g y  by h i g h  p r o d u c i n g  
cow s ,  r e p o r t e d  t h a t  t h e  e n e r g y  r e q u i r e m e n t s  i n c r e a s e d  p e r  u n i t  o f  m i l k  
p r o d u c e d ,  a s  t h e  m i l k  o u t p u t  o r  f e e d  i n p u t  p e r  d a y  i n c r e a s e s .  T h e s e  a u t h ­
o r s  p o s t u l a t e d  t h a t  t h e  minimum r e q u i r e m e n t s  a b o v e  m a i n t e n a n c e  f o r  t h e  
p r o d u c t i o n  o f  a pound  o f  4% FCM v a r i e s  f rom  0 . 3 1 7  f o r  a  cow p r o d u c i n g  10 
l b  o f  m i l k  p e r  d a y  t o  0 . 3 8  f o r  a  100 l b  p r o d u c e r .  T h e s e  f a c t o r s  a r e  
s m a l l e r  t h a n  t h o s e  r e p o r t e d  by R e i d  ( 8 6 ) ,  e s p e c i a l l y  t h e  r e q u i r e m e n t s  f o r  
h i g h  p r o d u c i n g  cow s .
R e i d  (8 6 )  r e p o r t e d  a v a l u e  o f  0 . 5 3  l b  TDN/lb FCM f o r  a 100 l b  p r o ­
d u c i n g  cow; w h e r e a s ,  Moe o t  a_l. (66 )  r e p o r t e d  a v a l u e  o f  o n l y  0 . 3 8  l b  o f
TDN/lb  FCM f o r  t h e  same l e v e l  o f  p r o d u c t i o n .  T h i s  i s  a l m o s t  a  73% d i s ­
c r e p a n c y  i n  t h e  r e q u i r e m e n t s  f o r  h i g h  p r o d u c i n g  cows.
^ oe iLi* (6 6 )  h a v e  r a t i o n a l i z e d  f rom  p u b l i s h e d  c a l o r i m e t r i c  
d a t a  t h a t  t h e  mammary g l a n d  r e q u i r e s  0 . 3  l b  o f  TDN t o  p r o d u c e  1 l b  o f
m i l k  h a v i n g  a c o m b u s t i o n  v a l u e  o f  340 C a l ;  o t h e r  w o r k e r s  (34)  a t  A u b u rn ,
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f o u n d  t h a t  3 2 9 . 5  C a l  was t h e  a v e r a g e  e n e r g y  c o n t e n t  o f  a  pound o f  U% FCM 
fro m  cows a t  u n i v e r s i t y  h e r d .
From t h e  r e s u l t s  o f  t h e s e  i n v e s t i g a t i o n s ,  i t  a p p e a r s  t h a t  m o d e rn  
f e e d i n g  s t a n d a r d s  h a v e  m a i n l y  a c a d e m i c  s i g n i f i c a n c e  f o r  cows w h ic h  a r e
p r o d u c i n g  a t  l e v e l s  i n  e x c e s s  o f  80 l b  p e r  d a y .
D u r i n g  e a r l y  l a c t a t i o n ,  few p r e s e n t - d a y  cows p r o d u c i n g  a t  v e r y  
h i g h  l e v e l s  w i l l  e a t  en o u g h  t o  m e e t  t h e i r  r e q u i r e m e n t s  f o r  p r o d u c t i o n  
and  s t i l l  m a i n t a i n  body  e n e r g y  e q u i l i b r i u m .  Many cows a p p e a r  t o  h a v e  
t h e  g e n e t i c  p o t e n t i a l  t o  p r o d u c e  a t  t h e i r  maximum, b u t  do  n o t  h a v e  t h e  
a p p e t i t e  t o  consume e n o u g h  e n e r g y  f o r  t h i s  p r o d u c t i o n ;  t h u s  a p p e t i t e  i s  
u n d o u b t e d l y  t h e  g r e a t e s t  l i m i t a t i o n  t o  l a r g e  m i l k  y i e l d s .
D u r i n g  t h i s  e a r l y  l a c t a t i o n ,  i t  i s  n o t  t h e r e f o r e  s u r p r i s i n g  t h a t
cows l o s e  body  w e i g h t ,  some o f  them h a v e  b e e n  n o t i c e d  t o  l o s e  up t o  400 
lb  ( 8 5 ) .  I t  i s  a l s o  p o s s i b l e  t h a t  l a t e r  i n  t h e  l a c t a t i o n ,  i f  t h e  a n i m a l s  
a r e  g i v e n  t h e  o p p o r t u n i t y  t o  r e c u p e r a t e  and  r e s t o r e  t h e  e n e r g y  l o s t  f rom 
t h e i r  b o d i e s ,  t h e y  w i l l  u n d o u b t e d l y  consume more  e n e r g y  t h a n  t h e y  r e q u i r e  
f o r  p r o d u c t i o n  and m a i n t e n a n c e .  T h i s  r e p l e n i s h i n g  p e r i o d  may h a v e  a r e ­
f l e c t i o n  on f a s t  g a i n s  i n  body  w e i g h t .  I t  i s  t h e n  c l e a r  t h a t  m o d e rn  n u ­
t r i e n t  a l l o w a n c e s  f o r  h i g h  p r o d u c i n g  d a i r y  cows a r e  i n  n e e d  o f  m ode rn  
s c r u t i n y .
S t u d i e s  d e s i g n e d  t o  d e t e r m i n e  t h e  i n p u t - o u t p u t  r e l a t i o n s h i p  f o r  
l a c t a t i n g  d a i r y  cows u n d e r  L o u i s i a n a  c o n d i t i o n s  a r e  n e c e s s a r y ;  o t h e r  
s y s t e m s  o f  e v a l u a t i n g  t h i s  r e l a t i o n s h i p  ( d i g e s t i b l e  e n e r g y / l b  FCM, t h e r m s /  
l b  FCM) a r e  i n  n e e d  o f  i n v e s t i g a t i o n ,  e s p e c i a l l y  f o r  h i g h  p r o d u c i n g  d a i r y  
cows f e d  ad l i b i t u m  c o m p l e t e  f e e d  m i x t u r e s  o f  r o u g h a g e  and c o n c e n t r a t e .
I t  i s  t h e  p u r p o s e  o f  t h e  p r e s e n t  s t u d y  t o  d e t e r m i n e  t h e  i n p u t -  
o u t p u t  r e l a t i o n s h i p  f o r  l a c t a t i n g  d a i r y  cows u s i n g  d i f f e r e n t  s y s t e m s  
e n e r g y  e x p r e s s i o n .
EXPERIMENTAL METHODS
S t a t e m e n t  o f  t h e  P ro b le m
One o f  t h e  n e w e s t  d e v e l o p m e n t s  i n  f e e d i n g  d a i r y  c a t t l e  c o n c e r n s  
t h e  f e e d i n g  o f  low r o u g h a g e - h i g h  c o n c e n t r a t e  c o m p l e t e  f e e d  m i x t u r e s ;  
t h i s  c o n c e p t  h a s  been  i m p e l l e d  by t h e  i n c r e a s i n g  c o s t s  o f  l a b o r ,  r o u g h ­
age  and s t o r a g e  s p a c e ,  and by a d e c r e a s i n g  a v a i l a b i l i t y  o f  h i g h  q u a l i t y  
r o u g h a g e s .
The o b j e c t i v e s  o f  t h e  p r e s e n t  i n v e s t i g a t i o n s  w e r e :  ( a )  t o  com­
p a r e  t h e  r e l a t i v e  v a l u e  o f  a l f a l f a  h a y ,  c o t t o n  s e e d  h u l l s ,  c o r n  c o b s ,  
and  n a t i v e  g r a s s  h a y  i n  c o m p l e t e  r a t i o n s  a s  s o u r c e s  o f  r o u g h a g e  f o r  
d a i r y  cow s,  and  (b )  t o  compare  t h e  r e s u l t s  o b t a i n e d  w i t h  t h o s e  o f  a 
c o n v e n t i o n a l  s y s t e m  o f  f e e d i n g  i n  t e rm s  o f  d i g e s t i b l e  e n e r g y  (D E ) , m i l k  
p r o d u c t i o n ,  m i l k  c o n s t i t u e n t s  and d i g e s t i b i l i t y  o f  t h e  n u t r i e n t s .
F i r s t  P h a s e . D i g e s t i b i l i t y  S t u d i e s  o f  
C om ple te  F e e d s  U s in g  Sheep
I n  t h i s  p h a s e ,  s h e e p  were  u t i l i z e d  a s  t h e  e x p e r i m e n t a l  a n i m a l s .  
The f o l l o w i n g  o b s e r v a t i o n s  w e re  made i n  t h i s  s t u d y  t o  d e t e r m i n e  t h e  
e f f e c t  o f  t h e  r a t i o n s  on:  ( a )  f e e d  i n t a k e ,  (b )  DE by u s e  o f  a n  a d i a ­
b a t i c  bomb c a l o r i m e t e r ,  ( c )  d i g e s t i b i l i t y  o f  t h e  r a t i o n s ,  and  (d) 
t o t a l  d i g e s t i b l e  n u t r i e n t s  (TDN).
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R a t i o n s  Used
The e x p e r i m e n t a l  r a t i o n s ,  c a l c u l a t e d  t o  be s i m i l a r  i n  TDN (65%),  
d i g e s t i b l e  p r o t e i n  ( 1 2 .4 % ) ,  and  c r u d e  f i b e r  (10 .2%) u s i n g  M o r r i s o n ' s  
t a b l e s  ( 6 9 ) ,  c o n s i s t e d  o f :  ( I )  30% a l f a l f a  h a y  ( l o n g )  and 70% c o n c e n ­
t r a t e  f e d  s e p a r a t e l y ;  ( I I )  307. a l f a l f a  hay  ( 2 . 5  cms) and 70% c o n c e n ­
t r a t e ;  ( I I I )  30% c o t t o n  s e e d  h u l l s  and  707. c o n c e n t r a t e ;  and (IV) 307. 
c o r n  c o b s  ( g r o u n d )  and  707. c o n c e n t r a t e .  The q u a l i t y  o f  t h e  a l f a l f a  
h a y  (U. S.  #1)  was c o n s i d e r e d  good .  R a t i o n  I  was d e s i g n a t e d  a s  t h e  
c o n t r o l  and was com pared  w i t h  t h e  c o m p l e t e  r a t i o n s  I I ,  I I I ,  and IV.
T a b l e  I  g i v e s  t h e  c o m p o s i t i o n  o f  t h e  e x p e r i m e n t a l  r a t i o n s .
A s s ig n m e n t  o f  A n im a ls
E i g h t  m a t u r e  w e t h e r s ,  a v e r a g i n g  33 kg i n  body w e i g h t  w e re  s e l e c ­
t e d  f rom t h e  L o u i s i a n a  S t a t e  U n i v e r s i t y  s h e e p  h e r d .  The a n i m a l s  were  
f i r s t  p l a c e d  on a s e v e n - d a y  s t a n d a r d i z a t i o n  t r i a l  w h e re  t h e y  were  f e d  
t h e  c o n t r o l  r a t i o n  (70% c o n c e n t r a t e  and  30% lo n g  s t e m  a l f a l f a  h a y ) .
T h i s  was done  t o  a c c u s t o m  t h e  a n i m a l s  t o  t h e i r  new r a t i o n  a n d  e n v i r o n ­
m e n t ;  t h e y  w ere  i n t e r n a l l y  d e p a r a s i t e d  w i t h  p h e n o t h i a z i n e  a t  t h i s  t i m e .  
At t h e  end o f  t h i s  p e r i o d ,  t h e  s h e e p  w ere  w e ig h e d  f o r  t h r e e  c o n s e c u t i v e  
d a y s  and ran d o m ly  a s s i g n e d  t o  two s q u a r e s  o f  a 4 x 4 L a t i n - s q u a r e  d e ­
s i g n .  Each s q u a r e  c o n s i s t e d  o f  f o u r  t r e a t m e n t s ,  f o u r  p e r i o d s ,  and 
f o u r  s h e e p  ( T a b l e  2 ) .
I n d i v i d u a l  m e t a b o l i s m  c a g e s  ( F i g u r e  I )  s i m i l a r  t o  t h o s e  d e s c r i b e d  
by H a n s a r d  (30 )  were  u s e d  t o  h o u s e  t h e  a n i m a l s  d u r i n g  t h e  e x p e r i m e n t .
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TABLE 1
I n g r e d i e n t s  a n d  C o m p o s i t i o n  o f  E x p e r i m e n t a l  R a t i o n s
C o n t r o l C o m p le te  R a t i o n s
R a t i o n  I n g r e d i e n t I I I  I I I  IV IVa
S o y b ean  o i l  m e a l  (44%) 5 5
-  (%)- 
9 10 10
C o t t o n  s e e d  m e a l  (41%) 4 4 9 9 9
Ground y e l l o w  c o r n 47 47 38 37 37
M o l a s s e s  (Cane) 10 10 10 10 10
Urea 1 1 1 1 1
A l f a l f a  h a y  ( l o n g ) 30* - - - -
A l f a l f a  h a y  ( 2 . 5  cms) - 30 - - -
C o t t o n  s e e d  h u l l s - - 30 - -
Corn  c o b s - - - 30 -
N a t i v e  g r a s s  h a y - - - - 30
S a l t 1 1 1 1 1
Bone m e a l 2 2 2 2 2
V i t .  A ( 1 0 , 0 0 0  I .  U ./gm)  and
_______________ 220 g . / t o n
V i t .  D ( 5 , 0 0 0  I .  U ./gm)
Total 100 100 100 100 100
★ A l f a l f a  h a y  was  f e d  s e p a r a t e l y  f rom t h e  c o n c e n t r a t e .
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TABLE 2 
A s s i g n m e n t  o f  T r e a t m e n t s
S heep 1 2 3 4
P e r i o d s
I A* B C D
I I B A D C
I I I C D A B
IV D C B A
*A - R a t i o n  I  (30% a l f a l f a  h a y  ( l o n g )  and  70% c o n c e n t r a t e )
B - R a t i o n  I I  (307* a l f a l f a  ( c h o p p e d )  and  70% c o n c e n t r a t e )
C - R a t i o n  I I I  (30% C . S . H .  and  70% c o n c e n t r a t e )
D -  R a t i o n  IV (307* g r o u n d  c o r n  c o b s  and  70% c o n c e n t r a t e )
F i g u r e  1. Sheep  i n  M e t a b o l i s m  Cage
F i g u r e  2 .  Sheep  M e ta b o l i s m  Cages  L o c a t e d  i n  a n  Open Shed Barn
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The m e t a b o l i s m  c a g e s  w ere  a d a p t e d  w i t h  a f e c a l  c o l l e c t i o n  p a n ,  f e e d  box 
and w a t e r  p a i l .
D u r a t i o n  o f  t h e  E x p e r i m e n t
The e x p e r i m e n t  c o n s i s t e d  o f  f o u r  c o n s e c u t i v e  t e n - d a y  e x p e r i m e n t a l  
p e r i o d s .  D u r in g  t h e  l a s t  f i v e  d a y s  o f  eac h  p e r i o d ,  t o t a l  c o l l e c t i o n  o f  
f e c e s  was o b t a i n e d .  Feed  i n t a k e  was r e c o r d e d  and  s a m p le s  o f  f e c e s  and
f e e d  w ere  c o m p o s i t e d  and a n a l y z e d  by c o n v e n t i o n a l  p r o c e d u r e s .  The e x ­
p e r i m e n t  was begun  J u n e  4 ,  1966 and  c o m p l e t e d  J u l y  2 1 ,  1966.
Management
The i n d i v i d u a l  m e t a b o l i s m  c a g e s  w ere  p l a c e d  i n  an  o p e n - s h e d  b a r n  
( F i g u r e  2 ) .  The a n i m a l s  w ere  f e d  t h e  c a l c u l a t e d  amount  r e q u i r e d ,  t w i c e  
a d a y ,  a t  8 : 0 0  A. M. and  4 : 0 0  P.  M. Any f e e d  l e f t  o v e r  was w e ig h ed  i n
t h e  m o r n i n g  p r i o r  t o  t h e  8 : 0 0  A. M. f e e d i n g .
Feed  a l l o w a n c e  was c a l c u l a t e d  s o  t h a t  t h e  a n i m a l s  had  a b o u t  107, 
l e f t  o v e r  t o  i n s u r e  p r o p e r  ad l i b i t u m  f e e d i n g .
The f e e d  was p l a c e d  i n  a f e e d  box,  and t h e  w a t e r ,  w h ich  was 
a v a i l a b l e  a t  a l l  t i m e s ,  was o f f e r e d  i n  a  b u c k e t  f a s t e n e d  t o  t h e  c a g e
t o  a v o i d  w a t e r  s p i l l i n g  o v e r  t h e  f e e d .
The f e c e s  v o i d e d  by t h e  s h e e p  w ere  c o l l e c t e d  i n  t h e  m e t a l  p a n
o f  t h e  m e t a b o l i s m  c a g e ,  and  w e ig h e d  e v e r y  day  p r i o r  t o  t h e  m o rn i n g
f e e d i n g .
C o l l e c t i o n  o f  D a ta
Feed  I n t a k e
The amount o f  f e e d  o f f e r e d  t o  t h e  a n i m a l s  i n  t h e  m o rn i n g  and  
a f t e r n o o n  was r e c o r d e d  d a i l y .  The n e x t  m o r n i n g ,  p r i o r  t o  f e e d i n g ,  
f e e d  r e f u s a l s  were  c o l l e c t e d  and w e ig h e d  t o  d e t e r m i n e  a c t u a l  f e e d  
consumed by s u b t r a c t i n g  t h i s  r e f u s a l  f rom t h e  t o t a l  f e e d  a l l o w a n c e .
Dry m a t t e r  o f  t h e  f e e d  was d e t e r m i n e d ,  and  w i t h  t h i s  v a l u e ,  t o t a l  d r y  
m a t t e r  i n t a k e  f o r  i n d i v i d u a l  a n i m a l s  was c a l c u l a t e d  and r e c o r d e d .  Feed  
and f e c a l  s a m p le s  w ere  t a k e n  d a i l y  f o r  c h e m i c a l  a n a l y s e s .
P a l a t a b i l i t y  o f  t h e  R a t i o n s
From t h e  d a i l y  v i s u a l  o b s e r v a t i o n s  a t  f e e d i n g  t im e  and th e  
w e i g h t s  o f  f e e d  o f f e r e d  and  r e f u s e d ,  p a l a t a b i l i t y  o f  t h e  f o u r  e x p e r i ­
m e n t a l  r a t i o n s  was e s t i m a t e d .
C h e m ic a l  A n a l y s i s  o f  t h e  Feed  and F e c e s
Feed  s a m p l e s  w ere  c o m p o s i t e d ,  and  d e t e r m i n a t i o n s  f o r  p r o x i m a t e  
a n a l y s i s  c o n d u c t e d  a c c o r d i n g  t o  t h e  p r o c e d u r e s  d e s c r i b e d  by t h e  A s s o ­
c i a t i o n  o f  O f f i c i a l  A g r i c u l t u r a l  C h e m is t s  ( 5 ) .
From t h e  t o t a l  c o l l e c t i o n  o f  f e c e s ,  a l i q u o t  s a m p le s  o f  f e c e s  
w ere  o b t a i n e d  f rom e a c h  a n i m a l  and  p l a c e d  i n  p l a s t i c  b a g s ;  t h e s e  bags  
w ere  k e p t  i n  t h e  f r e e z e r  ( -2 0 ° C )  u n t i l  t h e  end  o f  t h e  p e r i o d ,  when 
t h e y  w e re  rem oved ,  c o m p o s i t e d  and  a n a l y z e d  f o r  t o t a l  c r u d e  p r o t e i n .
O t h e r  a l i q u o t  s a m p l e s  w e re  a l s o  o b t a i n e d  e v e r y d a y  and p l a c e d  
i n  n y l o n  t a f f e t a  b a g s ;  t h e s e  w ere  w e i g h e d ,  and  d r i e d  i n  a f o r c e d  d r a f t  
oven  a t  60°C f o r  f o u r  d a y s .  The d r i e d  f e c e s  w ere  t h e n  removed from 
t h e  o v e n ,  w e i g h e d ,  and  l e f t  s t a n d i n g  i n  t h e  room f o r  t w e l v e  h o u r s  t o
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a l l o w  b a l a n c e  w i t h  t h e  a i r  m o i s t u r e .  The s a m p l e s  o f  d r i e d  f e c e s  w ere  
t h e n  c o m p o s i t e d  and  g r o u n d  i n  a W i le y  m i l l  a d a p t e d  w i t h  a 2mm mesh 
s c r e e n .  The c o m p o s i t e d  s a m p l e s  o f  f e c e s  w e re  a n a l y z e d  f o r  p r o t e i n ,  
f a t ,  c r u d e  f i b e r ,  d r y  m a t t e r ,  a s h ,  and NFE by t h e  p r o c e d u r e s  d e ­
s c r i b e d  by t h e  A s s o c i a t i o n  o f  O f f i c i a l  A g r i c u l t u r a l  C h e m i s t s  ( 5 ) .
T o t a l  c e l l u l o s e  i n  t h e  f e e d  and  f e c e s  was d e t e r m i n e d  by  t h e  
C ram p to n  and Maynard  m e th o d  a s  d e s c r i b e d  by t h e  AOAC (5)■ W i t h  t h e  
v a l u e s  o b t a i n e d ,  c e l l u l o s e  d i g e s t i b i l i t y  was c a l c u l a t e d  by u s i n g  t h e  
f o l l o w i n g  f o r m u l a :
(Amount o f  c e l l u l o s e  (Amount o f  c e l l u -
C e l l u l o s e  d i g e s t i b i l i t y  -     -  l o s e  i n  f e c e s )  x  10Q
(Amount o f  c e l l u l o s e  i n  f e e d )
I n  e a c h  p e r i o d ,  d u p l i c a t e  s a m p l e s  o f  f e e d  and  f e c e s  w e re  u t i ­
l i z e d  t o  d e t e r m i n e  t o t a l  c e l l u l o s e .
D i g e s t i b l e  E n e rg y
D u p l i c a t e  a i r - d r i e d  s a m p l e s  o f  f e e d  and  f e c e s  w e re  t a k e n  e a c h
p e r i o d  and  b u r n e d  i n  a P a r r  a d i a b a t i c  bomb c a l o r i m e t e r  t o  d e t e r m i n e
g r o s s  e n e r g y .  A p p r o x i m a t e l y  one gram o f  a i r - d r i e d  s a m p l e s  was  b u r n e d .
C a l c u l a t i o n s  f o r  DE w e re  com pu ted  w i t h  t h e  d a t a  o b t a i n e d  f rom  t h e  bomb
c a l o r i m e t e r .
D i g e s t i b i l i t y  o f  t h e  R a t i o n s  a n d  T o t a l  
D i g e s t i b l e  N u t r i e n t s
From t h e  r e s u l t s  o f  t h e  c h e m i c a l  a n a l y s i s  o f  f e e d  and  f e c e s ,  com­
p u t a t i o n s  f o r  t h e  d i g e s t i o n  c o e f f i c i e n t s  o f  p r o t e i n ,  f a t ,  c r u d e  f i b e r ,  
n i t r o g e n - f r e e - e x t r a c t  and  t o t a l  d r y  m a t t e r  w e re  made and  t a b u l a t e d .
T o t a l  d i g e s t i b l e  n u t r i e n t s  w e re  c a l c u l a t e d  u s i n g  t h e  d i g e s t i o n
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c o e f f i c i e n t s  d e t e r m i n e d  f o r  p r o t e i n ,  f a t  ( x  2 . 2 5 ) ,  c r u d e  f i b e r ,  and 
n i t r o g e n - f r e e - e x t r a c t .
S econd  P h a s e . E x p e r i m e n t a l  P r o c e d u r e s  
w i t h  L a c t a t i n g  D a i r y  Cows
T h i s  s t u d y  u t i l i z e d  16 h i g h - p r o d u c i n g  d a i r y  cows f rom  t h e  
L o u i s i a n a  S t a t e  U n i v e r s i t y  d a i r y  h e r d  a s  t h e  e x p e r i m e n t a l  u n i t .  The 
f o l l o w i n g  o b s e r v a t i o n s  w e re  made w i t h  l a c t a t i n g  cows t o  d e t e r m i n e  
t h e  e f f e c t s  o f  t h e  r a t i o n s :  ( a )  f e e d  i n t a k e ,  (b )  e n e r g y  c o n s u m p t i o n
and  f e e d  e f f i c i e n c y  f o r  m i l k  p r o d u c t i o n ,  ( c )  m i l k  a n d  4% f a t  c o r r e c t e d  
m i l k  (FCM), ( d )  f a t ,  p r o t e i n ,  and  s o l i d s - n o t - f a t  (SNF) p e r c e n t a g e  i n  
m i l k ,  ( e )  body w e i g h t  c h a n g e s ,  ( f )  p a l a t a b i l i t y  o f  t h e  r a t i o n s ,  and 
(g )  h e a l t h  o f  t h e  a n i m a l s .
R a t i o n s  Used
The c o m p o s i t i o n  o f  t h e  f o u r  r a t i o n s  i s  shown i n  T a b l e  1. When 
t h i s  e x p e r i m e n t  was i n i t i a t e d ,  i t  was i m p o s s i b l e  t o  o b t a i n  c o r n  c obs  
a s  o r i g i n a l l y  p l a n n e d ;  t h e r e f o r e ,  i t  was d e c i d e d  t h a t  n a t i v e  g r a s s  
h a y  w o u ld  r e p l a c e  t h e  c o r n  cob  r a t i o n .  T h i s  r a t i o n  s t i l l  r e m a i n e d  a s  
r a t i o n  IV ,  h o w e v e r ,  a n d  i n  o r d e r  t o  d i s t i n g u i s h  i t  f rom  t h e  r a t i o n  c o n ­
t a i n i n g  c o r n  c o b s ,  t h e  s m a l l  l e t t e r  " a "  was  a t t a c h e d  t o  i t  ( s e e  T a b l e  
1) .
The c o n c e n t r a t e  p a r t  o f  a l l  t h e  r a t i o n s  c o n t a i n e d  s o y b e a n  o i l  
m e a l ,  c o t t o n  s e e d  m e a l ,  g r o u n d  y e l l o w  c o r n ,  m o l a s s e s ,  u r e a ,  m i n e r a l s ,  
and  v i t a m i n s  A and D.
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A l l  t h e  r a t i o n s  w ere  p r e p a r e d  a t  t h e  u n i v e r s i t y  f a rm .  A h o r i ­
z o n t a l  m i x e r  d e s i g n e d  t o  mix  m o l a s s e s ,  and w i t h  an  a p p r o x i m a t e  c a p a c i t y  
o f  700 k g ,  was u s e d .
T h ese  r a t i o n s  were  c a l c u l a t e d  so  t h a t  t h e  a n i m a l s ,  when f ed  ad 
l i b i t u m  would  m e e t  t h e i r  minimum d a i l y  r e q u i r e m e n t s  f o r  m a i n t e n a n c e  and 
p r o d u c t i o n  a c c o r d i n g  t o  t h e  N a t i o n a l  R e s e a r c h  C o u n c i l ' s  (71 )  l a t e s t  
recommendat  i o n s .
A s s ig n m e n t  o f  t h e  Anima1s
S i x t e e n  H o l s t e i n  cows w hich  had  made a t  l e a s t  one p r e v i o u s  l a c ­
t a t i o n  r e c o r d ,  and  had  b e e n  i n  p r o d u c t i o n  a t  l e a s t  50 d a y s ,  w e re  s e l e c ­
t e d  from t h e  L o u i s i a n a  S t a t e  U n i v e r s i t y  d a i r y  h e r d .
Each cow was a s s i g n e d  t o  one o f  f o u r  b l o c k s  on t h e  b a s i s  o f  
s t a g e  o f  l a c t a t i o n  and e s t i m a t e d  r e a l  p r o d u c i n g  a b i l i t y  (ERPA), and 
t h e  f o u r  cows i n  e a c h  b l o c k  w ere  r an d o m ly  a s s i g n e d  t o  t h e  f o u r  e x p e r i ­
m e n t a l  r a t i o n s  ( T a b l e  3 ) .  One g r o u p  o f  e i g h t  cows became a v a i l a b l e  
J a n u a r y  1,  1967 and  t h e  s e c o n d  g r o u p  on J a n u a r y  2 0 ,  1967.
The a n i m a l s  were  p l a c e d  on a t e n - d a y  s t a n d a r d i z a t i o n  p e r i o d  t o  
e n a b l e  them t o  g e t  u s e d  t o  t h e i r  new e n v i r o n m e n t .  D u r in g  t h i s  p e r i o d ,  
t h e y  w ere  f e d  t h e  c o n t r o l  r a t i o n  ad  l i b i t u m . At t h e  end  o f  t h e  s t a n d ­
a r d i z a t i o n  p e r i o d ,  p r e - e x p e r i m e n t a l  m e a s u r e m e n t s  w ere  made on a l l  t h e  
c r i t e r i a  w h ich  w ere  t o  be e v a l u a t e d  d u r i n g  t h e  d u r a t i o n  o f  t h e  e x p e r i ­
ment .
T h i s  e x p e r i m e n t  was a  c o n t i n u o u s  t r i a l  w i t h  16 a n i m a l s  b l o c k e d  
a c c o r d i n g  t o  p r o d u c t i o n ,  and  random ly  a s s i g n e d  t o  t h e  e x p e r i m e n t a l  
r a t i o n s  w i t h i n  t h e  b l o c k s  j_as d e s c r i b e d  by S n e d e c o r  (98j_/ .
Table 3
P r e v i o u s  H i s t o r y ,  P r e - e x p e r i m e n t a l  D a ta  and A s s ig n e d  T r e a t m e n t s
o f  t h e  E x p e r i m e n t a l  A nim als
/ h /  cow
R a t i o n ^  Block— No.
Age 
Y e a r s  Month
No. o f  
R eco rds
Days i n  
L a c t a t i o n
P r o d u c t i o n  
t o  d a t e  
(kg)
E x p e c t e d  305£/  
2X M.E.
(kg)
1 636 4 10 2 84 2516 6712
2 479 9 0 4 96 2628 6165
3 632 5 - - 0 2 58 1806 7178
4 567 6 - - 11 4 76 2285 6808
1 562 7 _  _ 0 3 60 1827 6833
2 679 4 - - 0 1 63 1772 6486
3 623 5 3 2 68 2089 7054
4 667 4 — 4 2 52 1614 7287
1 699 3 _  _ 2 1 111 3272 7673
2 656 4 5 2 58 1383 5278
3 634 4 - - 11 2 71 2107 6922
4 650 4 - - 7 1 53 1575 6848
1 588 6 _ _ 3 2 92 3272 7821
2 649 4 - - 6 1 109 2380 5086
3 631 5 0 2 66 2159 7506
4 696 3 6 1 73 1716 5957
a /  I  = A l f a l f a  h a y  lo n g  s tem  fed  s e p a r a t e  from c o n c e n t r a t e ;  I I  -  307= a l f a l f a  hay  
chopped  t o  2 . 5  cms,  and 707o c o n c e n t r a t e ;  I I I  = 307, c o t t o n  seed  h u l l s  and 707« 
c o n c e n t r a t e ;  IV = 307, n a t i v e  g r a s s  h a y  and 707 c o n c e n t r a t e .
b /  An im als  were  a s s i g n e d  t o  b lo c k s  on J a n .  10,  1967 f o r  b l o c k s  1 and 2,  and J a n .
30 ,  1967 f o r  b l o c k s  3 and 4.
c /  E x p e c t e d  305 was c a l c u l a t e d  a f t e r  a n i m a l s  had  been on s t a n d a r d i z a t i o n  p e r i o d
(10 d a y ) ,  J a n .  10,  1967 f o r  b l o c k s  1 and 2 and J a n .  30 ,  1967 f o r  b l o c k s  3 and 4.
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D u r a t i o n  o f  t h e  E x p e r i m e n t
The e x p e r i m e n t  c o n s i s t e d  o f  12 p e r i o d s  o f  t e n  d a y s  e a c h ,  w i t h  
t h e  f i r s t  t e n  d ays  b e i n g  c o n s i d e r e d  t h e  s t a n d a r d i z a t i o n  p e r i o d .  At 
t h e  end o f  t h i s  i n i t i a l  p e r i o d ,  t h e  a n i m a l s  w ere  b l o c k e d  and a s s i g n e d  
t o  t h e i r  r e s p e c t i v e  t r e a t m e n t s  f o r  e l e v e n  p e r i o d s  o r  a  t o t a l  o f  110 
d a y s .  The i n i t i a t i o n  d a t e  o f  t h i s  e x p e r i m e n t  was J a n u a r y  1,  1967,  and 
t h e  t e r m i n a t i o n  d a t e ,  May 20 ,  1967.
Management
The cows w ere  k e p t  i n  i n d i v i d u a l  s t a n c h i o n s  ( F i g u r e  3) u n d e r  one 
end o f  a n  open  b a r n  w he re  i n d i v i d u a l  m a n a g e r s  and  w a t e r  c u p s  w ere  p r o ­
v i d e d .  The a n i m a l s  w ere  s t a n c h i o n e d  a l l  day  e x c e p t  f o r  t h e  t im e  when 
t h e y  w ere  b e i n g  m i l k e d  ( 7 : 0 0  A. M. and 5 :0 0  P. M.)  a n d  a f o u r - h o u r  
e x e r c i s i n g  p e r i o d  ( 1 1 : 0 0  A. M. -  3 : 0 0  P.  M.) ;  d u r i n g  t h e  e x e r c i s i n g
p e r i o d ,  t h e y  w ere  t u r n e d  l o o s e  i n  t h e  l o a f i n g  l o t .  ( F i g u r e  4 ) .
T h r e e - f o o t  l e n g t h  c h a i n s  w e re  u s e d  t o  f a s t e n  t h e  cows t o  t h e  
m a n g e r s ,  e n a b l i n g  them t o  l i e  down c o m f o r t a b l y .  Wood s h a v i n g s  were  
u sed  f o r  b e d d i n g  and w ere  r e p l a c e d  d a i l y .
F e e d i n g
I n  an  e f f o r t  t o  o b t a i n  t r u e  ad l i b i t u m  f e e d i n g ,  f e e d  was o f f e r e d
t h r e e  t i m e s  d a i l y  ( 8 : 0 0  A. M . , 1 :0 0  P.  M. and  6 : 0 0  P.  M . ) .  The f e e d
was p l a c e d  i n  i n d i v i d u a l  b i n s  a d a p t e d  w i t h  m a n u a l  d i s p e n s e r s .  These  
b i n s  w ere  k e p t  f u l l  a t  a l l  t i m e s  and a r e c o r d  o f  t h e  d a i l y  f e e d  was 
t a k e n .  At t h e  end  o f  e a c h  t e n - d a y  p e r i o d ,  a l l  b i n s  w ere  e m p t i e d ,  and 
t h e  w e i g h t  o f  t h e  f e e d  l e f t  i n  t h e  b i n s  was e n t e r e d  a s  r e f u s e .
F i g u r e  3 .  Cows i n  I n d i v i d u a l  S t a n c h i o n s
r e  4 .  E x p e r i m e n t a l  A n im a ls  on L o a f i n g  Lo t
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The f e e d  a l l o w a n c e  was c a l c u l a t e d  so  t h a t  t h e  a n i m a l s  had  a b o u t  
10% l e f t  o v e r  t o  i n s u r e  p r o p e r  ad l i b i t u m  f e e d i n g .  Feed  r e f u s a l s  f o r  
t h e  c o n t r o l  g r o u p  w ere  w e ig h e d  p r i o r  t o  t h e  m o rn i n g  f e e d i n g .  S a l t  and 
bone mea l  w ere  a v a i l a b l e  i n  t h e  l o a f i n g  l o t  f o r  f r e e  c h o i c e  c o n s u m p t i o n
C o l l e c t i o n  o f  D a ta
Feed  I n t a k e
The amount  o f  c o m p l e t e  f e e d s  p l a c e d  i n  t h e  m a n g e r s  m inus  t h e  
amount o f  r e f u s e d  f e e d  d e t e r m i n e d  th e  am ounts  consumed w h ich  w ere  r e ­
c o r d e d  d a i l y .  F o r  t h e  c o n t r o l  g r o u p ,  t h e  ro u g h a g e  and c o n c e n t r a t e  were 
f e d  s e p a r a t e l y  a n d ,  t h e r e f o r e ,  t h e  w e i g h - b a c k s  were  r e c o r d e d  s e p a r a t e l y  
a s  r o u g h a g e  and  c o n c e n t r a t e .  Sam ples  o f  f e e d  o f f e r e d  and r e f u s e d  were  
t a k e n  d a i l y  and  f rom them an  a l i q u o t  sample  was t a k e n  f o r  c h e m i c a l  
a n a l y s  i s .
P a l a t a b i l i t y  o f  t h e  R a t i o n s
An a t t e m p t  was made t o  o b s e r v e  p a l a t a b i l i t y  o f  t h e  r a t i o n s  on 
t h e  i n d i v i d u a l  cows.  The d a i l y  f e e d  i n t a k e ,  r a t e  o f  d i s a p p e a r a n c e  o f  
t h e  f e e d  from t h e  m a n g e r s ,  t h e  d a i l y  f e e d  w e i g h - b a c k s ,  and t h e  v i s u a l  
o b s e r v a t i o n s  i n d i c a t e d  t h e  p a l a t a b i l i t y  o f  t h e  r a t i o n s .
C h e m ic a l  A n a l y s i s  o f  t h e  Feed
Ten d e t e r m i n a t i o n s  f o r  p r o x i m a t e  a n a l y s i s  w ere  made f o r  e a c h  o f  
th e  e x p e r i m e n t a l  r a t i o n s  and t h e i r  i n d i v i d u a l  i n g r e d i e n t s .  The p r o x i ­
m a te  a n a l y s e s  o f  t h e  f e e d s  were  d e t e r m i n e d  a c c o r d i n g  t o  t h e  p r o c e d u r e s  
d e s c r i b e d  by t h e  A s s o c i a t i o n  o f  O f f i c i a l  A g r i c u l t u r a l  C h e m is t s  ( 5 ) .
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E n e r g y  C o n s u m p t io n
The DE i n t a k e  was d e t e r m i n e d  by m u l t i p l y i n g  t h e  t o t a l  d r y  m a t t e r  
i n t a k e  a c t u a l l y  consumed by t h e  DE v a l u e  o f  t h e  f e e d ,  a s  d e t e r m i n e d  by 
t h e  s h e e p  t r i a l .  The amount o f  d r y  m a t t e r  consumed was d e t e r m i n e d  by 
s u b t r a c t i n g  t h e  r e f u s e d  d r y  m a t t e r  f rom t h e  d a i l y  f e e d  d r y  m a t t e r .
The amount o f  DE (T herm s)  n e e d e d  t o  p r o d u c e  one k i l o g r a m  o f  t\% 
FCM was d e t e r m i n e d  by u s i n g  t h e  DE v a l u e s  o b t a i n e d  i n  t h e  f i r s t  p h a s e  
o f  t h e  e x p e r i m e n t .  F eed  e f f i c i e n c i e s  w e re  c a l c u l a t e d  b a s e d  on  t h e  mean 
d a i l y  e n e r g y  i n t a k e  and mean d a i l y  m i l k  p r o d u c t i o n .
M i l k  P r o d u c t i o n
D a i l y  m i l k  p r o d u c t i o n  was  r e c o r d e d  a t  t h e  m i l k i n g  p a r l o r  e a c h  
t i m e  t h e  a n i m a l s  w ere  m i l k e d  ( 7 : 0 0  A. M. and  5 : 0 0  P. M .) .  The t o t a l  
d a i l y  m i l k  p r o d u c t i o n  was o b t a i n e d  and  r e c o r d e d  d a i l y ,  and f ro m  t h e s e  
f i g u r e s ,  c a l c u l a t i o n s  f o r  4% FCM w ere  made .
M i l k  C o m p o s i t i o n
On t h e  t e n t h  d a y  o f  e a c h  p e r i o d ,  s a m p l e s  f rom m o r n i n g  a n d  a f t e r ­
noon  m i l k i n g s  w e re  c o l l e c t e d  a t  t h e  m i l k i n g  p a r l o r  and  t h e  p e r c e n t a g e s  
o f  p r o t e i n ,  f a t  and  SNF d e t e r m i n e d  f o r  e a c h  m i l k i n g ,  s e p a r a t e l y .  M i lk  
f a t  p e r c e n t  was d e t e r m i n e d  e v e r y  f i v e  d a y s  f rom s a m p l e s  c o l l e c t e d  i n  
a f t e r n o o n  and m o r n i n g  m i l k i n g s  and a n a l y z e d  s e p a r a t e l y  t o  o b t a i n  a 
t r u e  e s t i m a t e  o f  t h e  a f t e r n o o n  and  m o r n i n g ' s  p r o d u c t i o n .
M i l k  p r o t e i n  was d e t e r m i n e d  by t h e  K j e l d a h l  p r o c e d u r e  a s  o u t ­
l i n e d  by t h e  A s s o c i a t i o n  o f  O f f i c i a l  A g r i c u l t u r a l  C h e m i s t s  ( 5 ) ;  m i l k  
f a t  was d e t e r m i n e d  by t h e  Babcock  me thod  ( 5 ) ,  and  SNF was  d e t e r m i n e d  
by t h e  l a c t o m e t r i c  m e th o d  d e s c r i b e d  by W a t so n  ( 1 1 0 ) .  D u p l i c a t e  s a m p l e s  
o f  m i l k  w e re  u s e d  f o r  e a c h  d e t e r m i n a t i o n .
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Body W e i g h t  Changes
The a n i m a l s  w ere  w e i g h e d  t h r e e  c o n s e c u t i v e  d a y s  a t  t h e  b e g i n n i n g  
and  a t  t h e  end  o f  t h e  e x p e r i m e n t ,  and a t  t h e  e n d  o f  e a c h  t e n - d a y  p e r i o d  
d u r i n g  t h e  t i m e  t h e y  r e m a i n e d  i n  t h e  e x p e r i m e n t .  The mean w e i g h t  o f  
^he t h r e e  c o n s e c u t i v e  w e i g h t s  was u s e d  a s  t h e  i n i t i a l  and  f i n a l  w e i g h t .
H e a l t h  o f  t h e  A n im a ls
C l o s e  o b s e r v a t i o n  o f  t h e  a n i m a l s  d u r i n g  t h e  d u r a t i o n  o f  t h e  t r i a l  
was made t o  d e t e r m i n e  i n c i d e n c e  o f  m a s t i t i s ,  d i g e s t i v e  d i s t u r b a n c e s ,  
g e n e r a l  a p p e a r a n c e  and  v i g o r .  S p e c i a l  a t t e n t i o n  was p a i d  t o  t h e  i n ­
c i d e n c e  o f  b l o a t  i n  t h e  e x p e r i m e n t a l  a n i m a l s .
S t a t i s t i c a l  A n a l y s i s
The a n a l y s i s  o f  v a r i a n c e  was com pu ted  a c c o r d i n g  t o  t h e  me thod  
o f  S n e d e c o r  ( 9 8 )  t o  t e s t  t h e  s i g n i f i c a n c e  o f  a n y  d i f f e r e n c e s  o b t a i n e d  
w i t h  t h e  f o u r  r a t i o n s .  The f o l l o w i n g  c r i t e r i a  w ere  t e s t e d :  f e e d  c o n ­
s u m p t i o n ,  r o u g h a g e  and  c o n c e n t r a t e  c o n s u m p t i o n ,  a c t u a l  m i l k  p r o d u c t i o n ,  
FCM p r o d u c t i o n ,  f a t ,  SNF, and  p r o t e i n  p e r c e n t a g e  o f  m i l k ,  t o t a l  f a t  
p r o d u c t i o n ,  TDN c o n s u m p t i o n ,  body w e i g h t ,  g r o s s  f e e d  e f f i c i e n c y  f o r  m i l k  
p r o d u c t i o n  (kg  TDN /  kg  m i l k ) ,  ( k g  TDN /  kg  FCM), m i l k  e f f i c i e n c y ,  (kg  
TDN - m a i n t e n a n c e  /  FCM), n e t  f e e d  e f f i c i e n c y  f o r  m i l k  p r o d u c t i o n  (DE - 
m a i n t e n a n c e  /  kg  FCM) and  g r o s s  e n e r g y  o u t p u t .
A n a l y s i s  o f  c o v a r i a n c e  a d j u s t i n g  f o r  i n i t i a l  d i f f e r e n c e s  i n  p r o ­
d u c t i o n  w e re  c o n d u c t e d  f o r  t o t a l  FCM p r o d u c t i o n ,  m i l k  f a t  p e r c e n t a g e ,  
and  m i l k  f a t  p r o d u c t i o n .
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The d e s i g n  o f  t h e  e x p e r i m e n t  was a r a n d o m i z e d  b l o c k  w i t h  a 
s p l i t - p l o t  a r r a n g e m e n t  o f  t r e a t m e n t s ,  i n  o r d e r  t o  t a k e  o u t  p e r i o d  
e f f e c t s  and  a l l  i n t e r a c t i o n s .  The s o u r c e s  o f  v a r i a n c e  w e r e :  b l o c k s ,
t r e a t m e n t s ,  b l o c k s  X t r e a t m e n t s ,  p e r i o d s ,  b l o c k s  X p e r i o d s ,  p e r i o d s  X 
t r e a t m e n t s ,  p e r i o d s  X b l o c k s  X t r e a t m e n t s .
Cow 562 was removed f ro m  t h e  e x p e r i m e n t  a t  t h e  end o f  t h e  
s e v e n t h  p e r i o d  b e c a u s e  o f  b l o a t  and  h e r  m i s s i n g  v a l u e s  w ere  c a l c u l a t e d  
i n  o r d e r  t o  h a v e  an  e q u a l  number o f  o b s e r v a t i o n s  i n  e a c h  g r o u p .
RESULTS AND DISCUSSION
F i r s t  P h a s e . S h eep  S t u d y
R a t i o n s  u s e d  i n  t h e  S t u d y
Each o f  t h e  e x p e r i m e n t a l  r a t i o n s  u s e d  i n  t h i s  s t u d y  c o n t a i n e d  30% 
ro u g h a g e  and 707* c o n c e n t r a t e .  The ro u g h a g e  p a r t  o f  t h e  r a t i o n s  w ere  ( I )  
a l f a l f a  h a y  ( l o n g )  and  f e d  s e p a r a t e l y  f rom  t h e  c o n c e n t r a t e ;  ( I I )  a l f a l f a  
h a y ,  c h o p p e d  t o  2 . 5  cm and  f e d  i n  a c o m p l e t e  m i x t u r e ;  ( I I I )  c o t t o n  s e e d  
h u l l s  f e d  i n  a  c o m p l e t e  m i x t u r e ;  and  ( IV )  g r o u n d  c o r n  c o b s  f e d  i n  a com­
p l e t e  m i x t u r e .
C h e m ic a l  A n a l y s i s  o f  t h e  R a t i o n s
T a b l e  4 p r e s e n t s  t h e  p r o x i m a t e  a n a l y s i s  o f  t h e  e x p e r i m e n t a l  r a t i o n s  
u s e d  w i t h  s h e e p .  T a b l e  5 shows t h e  c a l c u l a t e d  c h e m i c a l  a n a l y s i s  f o r  t h e  
same r a t i o n s  u s i n g  M o r r i s o n ' s  t a b l e s  ( 6 9 ) ,  and  i n  a d d i t i o n ,  i t  shows 
when n a t i v e  h a y  was u s e d  a s  t h e  s o u r c e  o f  r o u g h a g e  i n  t h e  d a i r y  cow 
s t u d y .  The c o n c e n t r a t e  p o r t i o n  o f  a l l  r a t i o n s  a n a l y z e d  16.17* c r u d e  p r o ­
t e i n ,  7.787* c r u d e  f i b e r  and 57.67* NFE.
T h r o u g h o u t  t h e  c o u r s e  o f  t h e  e x p e r i m e n t ,  i n d i v i d u a l  s a m p l e s  o f  
e a c h  o f  t h e  r a t i o n s  a n d  t h e i r  i n g r e d i e n t s  w e re  c o l l e c t e d  e v e r y  o t h e r  
day  and  c o m p o s i t e d  f o r  e a c h  t e n - d a y  p e r i o d .  Each  v a l u e  shown i n  T a b l e  4 
i s  t h e  mean v a l u e  f o r  a l l  t h e  e x p e r i m e n t a l  p e r i o d s .
S i n c e  t h e  r a t i o n s  w e re  m ix e d  a t  t h e  L o u i s i a n a  S t a t e  U n i v e r s i t y  




C h e m ic a l  A n a l y s i s  o f  t h e  E x p e r i m e n t a l  R a t i o n s  Fed t o  t h e  S heep
R a t i o n *
N u t r i e n t s I I I I I I IV
- a) -
P r o t e i n 1 6 . 6 1 6 . 6 1 5 . 4 1 5 .0
F a t 3 . 5 4 . 8 3 . 2 3 . 1
F i b e r 8 . 1 8 . 8 1 5 . 0 1 3 .3
Mois t u r e 1 3 .2 1 3 . 4 1 2 . 2 1 1 .3
Ash 7 . 4 6 . 9 6 . 3 6 .3
NFE 5 1 . 7 4 9 . 7 3 6 . 1 5 0 .4
D.M. 8 6 . 8 8 6 . 6 8 7 . 8 8 8 . 7
*A v e ra g e  o f f o u r  c h e m i c a l a n a l y s i s  
TABLE 5
f o r  e a c h r a t i o n .
C a l c u l a t e d C h e m i c a l  A n a l y s i s  o f  t h e  E x p e r i m e n t a l  R a t i o n s
R a t i o n s
I I I I I I IV IVa
N u t r i e n t C o n t r o l A l f a l f a CSH C o rn c o b s G r a s s  Hay
- <%)-
Crude  p r o t e i n 1 5 . 8 6 1 5 . 8 6 1 5 .7 1 1 5 .0 5 17.  12
D ig .  p r o t e i n 1 2 .4 7 1 2 .4 7 1 2 . 0 0 1 2 . 3 0 11.  14
TDN 6 5 . 0 0 6 5 . 0 0 6 2 . 3 9 6 3 . 6 9 6 4 . 6 5
C rude  f i b e r 1 0 . 2 4 1 0 . 2 4 1 5 . 7 5 1 1 . 9 0 1 1 .9 0
Dry m a t t e r 8 6 . 2 2 8 6 . 2 2 8 5 . 9 4 8 5 . 8 8 8 6 . 3 0
ENE C a l /K g 1 3 6 9 .0 0 13 6 9 .0 0 1 2 8 7 .0 0 1 3 5 9 .0 0 13 5 4 .0 0
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c h e m i c a l  a n a l y s i s .  I n  g e n e r a l ,  i t  c a n  be o b s e r v e d  t h a t  t h e  c a l c u l a t e d  
c h e m i c a l  v a l u e s  ( T a b l e  5) a g r e e  f a i r l y  c l o s e l y  w i t h  t h o s e  o b t a i n e d  by 
t h e  c h e m i c a l  a n a l y s i s  w i t h  t h e  e x c e p t i o n  o f  c r u d e  f i b e r  p e r c e n t a g e s .
There  w ere  s m a l l  d i f f e r e n c e s  i n  t h e  t o t a l  p r o t e i n  p e r c e n t a g e  o f  t h e  
r a t i o n s ;  t h e s e  d i f f e r e n c e s  w e re  due t o  t h e  d i f f e r e n t  p r o t e i n  c o n t e n t  o f  
t h e  i n g r e d i e e n t s  u s e d .
D i g e s t i b i l i t y  S t u d i e s  w i t h  Sheep
Many i n v e s t i g a t o r s  h a v e  u s e d  s h e e p  f o r  d e t e r m i n i n g  t h e  d i g e s t i ­
b i l i t y  o f  r a t i o n s  s i n c e  t h i s  s p e c i e s  i s  e a s i e r  and  more e c o n o m i c a l  t o  
work  w i t h ;  a l s o ,  t h e  r e s u l t s  o b t a i n e d  a r e  c o m p a ra b le  t o  t h o s e  when d a i r y  
c a t t l e  w ere  u s e d .  Under  t h e  c o n d i t i o n s  o f  t h i s  e x p e r i m e n t ,  t h e  s h e e p  
consumed t h e  e x p e r i m e n t a l  r a t i o n s  r e a d i l y .  No p r o b le m  was e n c o u n t e r e d  
i n  b r i n g i n g  t h e  a n i m a l s  on f e e d ,  e v e n  th o u g h  t h e s e  a n i m a l s  had  been  
g r a z i n g  p r e v i o u s  t o  t h e  t i m e  t h e y  were  p l a c e d  i n  t h e  s t u d y .
A summary o f  t h e  r e s u l t s  o b t a i n e d  w i t h  t h e  s h e e p  i s  p r e s e n t e d  i n  
T a b l e  6.  T h i s  t a b l e  r e p r e s e n t s  t h e  a v e r a g e  v a l u e s  u s i n g  e i g h t  s h e e p  i n  
t h e  f o u r  e x p e r i m e n t a l  p e r i o d s .  V a lu e s  o b t a i n e d  f o r  e a c h  p e r i o d  w ere  c a l ­
c u l a t e d  s e p a r a t e l y  and  t h e  means  f o r  e a c h  p e r i o d  p o o l e d  f o r  c o n v e n i e n c e  
o f  p r e s e n t a t i o n  i n t o  one summary t a b l e .
Feed  I n t a k e  P a l a t a b i l i t y  o f  t h e  R a t i o n s
The a v e r a g e  d a i l y  f e e d  i n t a k e  f o r  a n i m a l s  on r a t i o n  I  ( c o n t r o l :  
a l f a l f a  h a y ,  lo n g )  and r a t i o n  I I  ( a l f a l f a  h a y ,  c o m p l e t e  m i x t u r e )  was
1 .02  and 1 .1 8  kg p e r  d a y ,  r e s p e c t i v e l y ,  w h ich  were  n o t  s i g n i f i c a n t l y  
d i f f e r e n t .  A n im a ls  on r a t i o n  I I I  ( c o t t o n  s e e d  h u l l s )  consumed o n l y  0 . 8  
kg  p e r  d ay .  The a n i m a l s  on t h e  c o t t o n  s e e d  h u l l s  r a t i o n  ( I I I )  consumed
44
TABLE 6
Summary o f  R e s u l t s  O b t a i n e d  w i t h  Sheep
T r e a t m e n t
I I I  I I I IV
O b s e r v a t i o n C o n t r o l A l f a l f a CSH C o rn c o b s
Av. d a i l y  f e e d  i n t a k e  (kg ) 1 . 1 5 1 . 2 5 1 . 3 6 0 . 9 7
Av. d a i l y  f e e d  i n t a k e  
(ADB, k g ) b 1 .0 2 1 . 1 2 1 .2 2 0 . 8 8
Av. c e l l u l o s e  i n  f e e d  (%) 8 . 9 5 9 . 5 5 1 6 .3 7 1 7 . 4 8
Av. d a i l y  c e l l u l o s e  
i n t a k e  (kg) 0 . 1 0 0 . 1 2 0 . 2 2 0 . 1 7
Therms p e r  kg o f  f e e d 4 . 2 5 4 . 1 6 4 . 0 8 4 . 1 6
D i g e s t i b l e  E n e r g y / k g  
f e e d  (T he rm s) 3 . 3 1 2 . 9 3 2 . 4 9 2 . 6 3
Av. d a i l y  f e c e s  (kg ) 0 . 6 7 0 . 7 6 0 . 9 0 0 . 6 8
Av. d a i l y  d r y  m a t t e r  
e x c r e t e d  ADB (kg) 0 . 3 0 0 . 3 5 0 . 4 9 0 . 3 4
Av. c e l l u l o s e  i n  f e c e s  (%) 2 0 . 8 0 2 1 . 2 0 3 0 . 1 0 2 5 . 6 0
Av. d a i l y  c e l l u l o s e  
e x c r e t e d  (kg ) 0 . 0 6 0 . 0 7 0 . 1 4 0 .  u8
Therms p e r  kg o f  f e c e s 4 . 0 4 4 . 3 0 4 . 3 2 4 . 2 0
a A v e r a g e  o f  f o u r  p e r i o d s
bADB - A i r  Dry  B a s i s  o r  90% d r y  m a t t e r
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s i g n i f i c a n t l y  (P  ^ . 0 5 )  more f e e d  t h a n  t h e  a n i m a l s  on a n y  o f  t h e  o t h e r  
t h r e e  r a t i o n s .  The r a t i o n  c o n t a i n i n g  c o r n  c o b s  was t h e  l e a s t  p a l a t a b l e  
r a t i o n  o f  t h e  f o u r ,  and  t h i s  low p a l a t a b i l i t y  was r e f l e c t e d  i n  t h e  l o w e r  
d a i l y  f e e d  c o n s u m p t i o n .
The a b i l i t y  o f  t h e  s h e e p  t o  consume s i g n i f i c a n t l y  more  f e e d  c o n ­
t a i n i n g  c o t t o n  s e e d  h u l l s  ( I I I )  c o u l d  be e x p l a i n e d  by t h e  l a c k  o f  b u l k i ­
n e s s  i n  t h i s  r a t i o n ,  w h ic h  m i g h t  h a v e  a l l o w e d  t h e  i n g e s t a  t o  p a s s  t h r o u g h  
t h e  t r a c t  a t  a  r e l a t i v e l y  r a p i d  r a t e .  B l a x t e r  ej: a K  ( 1 1 )  and  R o d r i g u e  
and  A l l e n  (89 )  h a v e  r e p o r t e d  t h a t  n o n - b u l k y  m a t e r i a l s  ( p e l l e t s ,  g r o u n d  
h a y ,  e t c . )  p a s s  t h r o u g h  t h e  d i g e s t i v e  t r a c t  a t  a  much f a s t e r  r a t e  t h a n  
b u l k y ,  l o n g  f i b r o u s  m a t e r i a l s ,  t h u s  d e c r e a s i n g  t h e  d i g e s t i b i l i t y  o f  t h e  
f e e d .  The f e c e s  e x c r e t e d  by t h e  s h e e p  f e d  t h e  c o t t o n  s e e d  h u l l s  r a t i o n  
( T a b l e  6)  shows a h i g h e r  e n e r g y  c o n t e n t  ( 4 . 3 2  T h e r m s ) ,  w h ic h  s u g g e s t s  
l o w e r  d i g e s t i b i l i t y  o f  t h e  r a t i o n .  The lo w e r  d i g e s t i b i l i t y  may t h e n  
a c c o u n t  f o r  t h e  c o n s i d e r a b l y  l o w e r  TDN c o e f f i c i e n t s  o b t a i n e d .  L o v e l l  
and  R u s o f f  (55 )  p o i n t e d  o u t  t h a t  c o n s i d e r a t i o n  s h o u l d  be g i v e n  t o  t h e  
a p p a r e n t  d e c r e a s e  i n  d i g e s t i b i l i t y  o f  c o n c e n t r a t e  c o n c o m i t a n t  t o  t h e i r  
p r o p o r t i o n a t e  i n c r e a s e  i n  t h e  r a t i o n .
R a t i o n  IV ,  b e i n g  t h e  l e a s t  p a l a t a b l e  o f  t h e  r a t i o n s ,  was consumed  
i n  l e s s e r  a m o u n ts  t h a n  t h e  o t h e r  r a t i o n s .  On a TDN b a s i s ,  a n d  g r o s s  
c a l o r i c  v a l u e ,  t h i s  r a t i o n  r a n k s  a b o u t  t h e  same a s  r a t i o n  I I I .  T h ese  
o b s e r v a t i o n s  c o i n c i d e  w i t h  t h o s e  r e p o r t e d  by C a r r e r a  ( 1 7 ) ,  V a l a d e z  and  
Raun ( 1 0 5 )  and  V i l l a v i c e n c i o  £ t  a l .  (1 0 8 )  who s t a t e d  t h a t  c o t t o n  s e e d  
h u l l s  and  c o r n  c o b s ,  a s  s o u r c e s  o f  r o u g h a g e  f o r  r u m i n a n t s ,  h a d  a p p r o x i ­
m a t e l y  t h e  same n u t r i t i v e  v a l u e .
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A n im a ls  on r a t i o n s  I  ( c o n t r o l - a l f a l f a  l o n g )  and I I  ( a l f a l f a -  
c o m p l e t e  f e e d )  consumed  a p p r o x i m a t e l y  t h e  same am oun t  o f  f e e d  t h r o u g h ­
o u t  t h e  e x p e r i m e n t .  T h i s  s u g g e s t s  t h a t  t h e  p h y s i c a l  s t a t e  o f  t h e  hay  
( l o n g  v s  c h o p p e d )  d i d  n o t  h a v e  any  e f f e c t  on  t h e  a n i m a l s  u n d e r  t h e  c o n ­
d i t i o n s  o f  t h i s  s t u d y .  S i m i l a r  o b s e r v a t i o n s  h a v e  b e e n  r e p o r t e d  by M oir  
and  Summers (67 )  and Thurmon ( 1 0 2 ) ,
C e l l u l o s e  I n t a k e  and  E x c r e t i o n
The a v e r a g e  d a i l y  c e l l u l o s e  i n t a k e  a n d  e x c r e t i o n  by t h e  s h e e p  on 
t h e  d i f f e r e n t  r a t i o n s  w e r e :  ( I )  0 . 1 0 ,  0 . 0 6  k g ;  ( I I )  0 . 1 2 ,  0 . 0 7  k g ;  ( I I I )
0 . 2 2 ,  .14  k g ;  a n d  ( IV )  . 1 7 ,  . J8  k g ,  r e s p e c t i v e l y  ( T a b l e  6 ) .  The s h e e p  
f e d  r a t i o n s  I  and  I I  h a d  s i m i l a r  c e l l u l o s e  i n t a k e  and  e x c r e t i o n ,  w h e r e a s ,  
t h o s e  f e d  r a t i o n s  I I I  a n d  IV h a d  h i g h e r  v a l u e s ,  a s  e x p e c t e d .
C a l o r i c  V a lu e  o f  t h e  F e e d s  and F e c e s
R a t i o n  I  ( c o n t r o l )  h a d  t h e  h i g h e s t  c a l o r i c  v a l u e  ( 4 . 3 0  T h e r m s / k g  
o f  f e e d )  and  r a t i o n  I I I ,  t h e  l o w e s t  ( 4 . 0 8  T h e r m s ^ g  o f  f e e d ) .  The r e ­
v e r s e  was o b t a i n e d  i n  t h e  f e c e s ,  w he re  t h e  c a l o r i c  v a l u e  o f  r a t i o n  I  was
4 . 0 3  T h e rm s^ g „  a n d  o f  r a t i o n  I I I  was  4 . 3 2  Thermsj(tg ( T a b l e  6 ) .  T h e re  w e re  
no  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  g r o s s  c a l o r i c  v a l u e s  o f  
t h e  f o u r  e x p e r i m e n t a l  r a t i o n s .
D i g e s t i b l e  E n e r g y
The mean v a l u e s  o b t a i n e d  f o r  DE o f  t h e  d i f f e r e n t  r a t i o n s  w e re  ( I )  
3 . 1 3 ;  ( I I )  2 . 9 3 ;  ( I I I )  2 . 4 9 ;  and  (IV)  2 . 6 3  Therms p e r  kg  o f  f e e d  ( T a b l e  
6 ) .  To o b t a i n  t h e  DE p e r  k i l o g r a m  o f  r a t i o n ,  t h e  r e s p e c t i v e  d i g e s t i o n
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c o e f f i c i e n t s  o f  e a c h  o f  t h e  r a t i o n s  w e re  m u l t i p l i e d  by t h e  Therms p e r  
k i l o g r a m  o f  f e e d .  The s t a t i s t i c a l  a n a l y s i s  f o r  DE i s  p r e s e n t e d  i n  
A p p e n d ix  T a b l e  l a .  The d i f f e r e n c e s  i n  t h e  DE o f  t h e  f o u r  r a t i o n s  w ere  
n o t  s i g n i f i c a n t .  The u s e  o f  c o r n  c o b s ,  c o t t o n  s e e d  h u l l s  o r  a l f a l f a  h a y  
a s  a  s o u r c e  o f  r o u g h a g e  a t  t h e  307, l e v e l  d i d  n o t  s i g n i f i c a n t l y  a f f e c t  
t h e  DE o f  t h e  r a t i o n s ,  and  i n d i c a t e d  t h a t  t h e s e  r o u g h a g e s  c a n  be  u s e d  
s a t i s f a c t o r i l y  a s  t h e  o n l y  s o u r c e  o f  b u l k  i n  t h e  r a t i o n s  o f  r u m i n a n t s .
D i g e s t i o n  C o e f f i c i e n t s
T a b l e  7 p r e s e n t s  a  summary o f  t h e  d i g e s t i o n  c o e f f i c i e n t s  and TDN 
o b t a i n e d  i n  t h e  s t u d y  w i t h  s h e e p .  The d r y  m a t t e r ,  c r u d e  p r o t e i n  and  NEE 
d i g e s t i o n  c o e f f i c i e n t  p e r c e n t a g e s  f o r  t h e  f o u r  e x p e r i m e n t a l  r a t i o n s  w ere
6 3 . 0 ,  8 5 . 0 ;  and ( IV )  6 3 . 8 ,  6 4 . 0 ,  7 1 . 0 ,  r e s p e c t i v e l y .  T h e s e  d i g e s t i o n
m e n t a l  r a t i o n s .  The d r y  m a t t e r  d i g e s t i b i l i t i e s  w e re  h i g h e r  f o r  t h e  a l ­
f a l f a  r a t i o n s  ( I  and  I I )  and  lo w er  f o r  t h e  c o t t o n  s e e d  h u l l s  ( I I I )  and  
c o r n  co b s  (IV)  r a t i o n s .  The same t r e n d  a p p e a r e d  f o r  c r u d e  p r o t e i n  and  
NFE w i t h  t h e  e x c e p t i o n  o f  r a t i o n  I I I  w h ic h  h a d  a h i g h e r  d i g e s t i o n  c o e f ­
f i c i e n t  f o r  NFE. The d i g e s t i o n  c o e f f i c i e n t s  f o r  c r u d e  f i b e r  and  c e l l u ­
l o s e  o f  t h e  f o u r  e x p e r i m e n t a l  r a t i o n s  a r e  shown i n  t h e  same t a b l e .  The 
d i g e s t i o n  c o e f f i c i e n t  p e r c e n t a g e s  f o r  c r u d e  f i b e r  and  c e l l u l o s e  w e re  a s  
f o l l o w s :  ( I )  3 5 . 0 ,  4 0 . 4 ;  ( I I )  3 1 . 0 , . 3 7 . 0 ;  ( I I I )  2 8 . 0 ,  3 3 . 0 ;  and  (IV)
4 0 . 0 ,  4 6 . 0 ,  r e s p e c t i v e l y .  T h e s e  v a l u e s  w e re  s i g n i f i c a n t l y  ( P ^ - 0 5 )  
d i f f e r e n t  f o r  t h e  f o u r  e x p e r i m e n t a l  r a t i o n s .
a s  f o l l o w s :  ( I )  7 2 . 9 ,  6 8 . 0 ,  8 4 . 0 ;  ( I I )  7 1 . 0 ,  6 7 . 0 ,  8 3 . 0 ;  ( I I I )  6 2 . 8 ,
c o e f f i c i e n t s  w e re  s i g n i f i c a n t l y f o u r  e x p e r i -
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TABLE 7
Summary o f  D i g e s t i o n  C o e f f i c i e n t s  and  T o t a l  D i g e s t i b l e  
N u t r i e n t s  O b t a i n e d  w i t h  S heep
T r e a t m e n t
1 /
N u t r i e n t
I
C o n t r o l
I I  I I I  
A l f a l f a  CSH
IV
C o rn c o b s
(%)
Dry M a t t e r 7 2 . 9 7 1 . 0 6 2 . 8 6 3 . 8
D i g e s t i b l e  E n e rg y 7 3 . 8 7 0 . 5 6 1 . 0 6 3 . 3
TDN* 6 3 . 0 6 1 . 0 5 5 . 5 5 7 . 0
P r o t e i n 6 8 . 0 6 7 . 0 6 3 . 0 6 4 . 0
E t h e r  E x t r a c t 7 1 . 0 7 8 . 0 8 5 . 0 7 5 . 0
NFE** 8 4 . 0 8 3 . 0 7 4 . 0 7 1 . 0
F i b e r 3 5 . 0 3 1 . 0 2 8 . 0 4 0 . 0
C e l l u l o s e 4 0 . 4 3 7 . 3 3 3 . 0 4 6 . 8
* T o t a l  D i g e s t i b l e  N u t r i e n t s
* * N i t r o g e n  f r e e  e x t r a c t  
1 /  Av. o f  8 d e t e r m i n a t i o n s  o f  e a c h  n u t r i e n t
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I t  c a n  be o b s e r v e d  f rom  t h e s e  r e s u l t s ,  t h a t  c r u d e  f i b e r  and  c e l ­
l u l o s e  d i g e s t i b i l i t y  a r e  c l o s e l y  a s s o c i a t e d .  A h i g h  c r u d e  f i b e r  d i g e s ­
t i b i l i t y  i s  a s s o c i a t e d  w i t h  a h i g h  c e l l u l o s e  d i g e s t i b i l i t y .  The r a t i o n  
c o n t a i n i n g  c o r n  co b s  ( IV) h a d  t h e  h i g h e s t  c r u d e  f i b e r  a n d  c e l l u l o s e  d i ­
g e s t i b i l i t y .  R a t i o n  I I I  h a d  t h e  l o w e s t  c r u d e  f i b e r  a n d  c e l l u l o s e  d i g e s ­
t i b i l i t y .  R a t i o n s  I  and  I I ,  b e i n g  e s s e n t i a l l y  t h e  same r a t i o n s ,  h a d  
v e r y  s i m i l a r  d i g e s t i o n  c o e f f i c i e n t s  f o r  c r u d e  f i b e r  a n d  c e l l u l o s e .
I t  c a n  be o b s e r v e d  f ro m  T a b l e  7 t h a t  t h e r e  i s  a g r e a t  s i m i l a r i t y  
i n  t h e  d i g e s t i o n  c o e f f i c i e n t s  o f  m o s t  o f  t h e  n u t r i e n t s  i n  r a t i o n s  I  and 
I I ,  w h ic h  i s  r e f l e c t e d  i n  t h e i r  s i m i l a r  TDN v a l u e s  o b t a i n e d .  T h i s  s u g ­
g e s t s  t h a t  t h e  p h y s i c a l  s t a t e  o f  t h e  r o u g h a g e  and  fo rm  o f  f e e d i n g  t h e  
c o n c e n t r a t e  and  r o u g h a g e  d i d  n o t  a f f e c t  t h e  d i g e s t i b i l i t y  o f  t h e  r a t i o n s  
u n d e r  t h e  c o n d i t i o n s  o f  t h i s  e x p e r i m e n t .
The f a c t  t h a t  r a t i o n  IV h a d  a h i g h e r  c r u d e  f i b e r  and  c e l l u l o s e  
d i g e s t i o n  c o e f f i c i e n t  t h a n  any  o f  t h e  o t h e r  t h r e e  r a t i o n s  may h a v e  r e ­
s u l t e d  i n  a l o w e r  f e e d  i n t a k e  o f  t h i s  r a t i o n  by t h e  s h e e p .  R e i d  (8 6 )  
h a s  r e p o r t e d  t h a t  t h e  e n e r g y  v a l u e  o f  a  f e e d  d e c r e a s e s  w i t h  i n c r e a s e d  
f e e d  i n t a k e ,  a n d  so  i t  may be a ssum ed  t h a t  a t  l o w e r  l e v e l s  o f  i n t a k e ,  
d i g e s t i b i l i t y  o f  t h e  n u t r i e n t s ,  e s p e c i a l l y  c r u d e  f i b e r ,  w ou ld  be i n ­
c r e a s e d  .
I n  g e n e r a l ,  t h e  d i g e s t i o n  c o e f f i c i e n t s  o f  a l l  t h e  n u t r i e n t s  f o r  
t h e  f o u r  e x p e r i m e n t a l  r a t i o n s  a p p e a r  t o  be l o w e r  t h a n  t h o s e  o b t a i n e d  by 
K r o m k r i s  and  M o r i t a  ( 4 5 )  and  Pu tnam  a n d  L o o s l i  ( 8 3 ) ,  and  s i m i l a r  t o  
t h o s e  o f  L o v e l l  and R u s o f f  ( 5 5 ) ,  Bloom ^ t  _al. ( 1 4 )  and  McCoy et. a_l. ( 6 1 ) .
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T o t a l  D i g e s t i b l e  N u t r i e n t s
The c a l c u l a t e d  TDN v a l u e s ,  u s i n g  M o r r i s o n ' s  t a b l e s  a r e  shown 
i n  T a b l e  5 and  t h e  TDN v a l u e s  o b t a i n e d  i n  t h e  p r e s e n t  s t u d y  a r e  p r e ­
s e n t e d  i n  T a b l e  7.  The a c t u a l  TDN v a l u e s  f o r  t h e  f o u r  e x p e r i m e n t a l  
r a t i o n s  w e r e :  63%, 61%, 55 .5%,  and  57% f o r  r a t i o n s  I  t h r o u g h  IV, r e ­
s p e c t i v e l y ,  and  t h e s e  v a l u e s  w e re  s i g n i f i c a n t l y  ( P ^  . 0 1 )  d i f f e r e n t .  
When c o m p a r i n g  t h e  c a l c u l a t e d  TDN v a l u e s  w i t h  t h e  a c t u a l  TDN v a l u e s ,  
u s i n g  t h e  d i g e s t i o n  c o e f f i c i e n t s  o b t a i n e d  w i t h  t h e  s h e e p ,  i t  was  o b ­
s e r v e d  t h a t  M o r r i s o n ' s  s t a n d a r d s  t e n d  t o  o v e r - e s t i m a t e  t h e  n u t r i t i v e  
v a l u e  o f  t h e  r a t i o n s  i n  w h ic h  a  low q u a l i t y  r o u g h a g e  i s  u s e d ,  a s  i n  
t h e  c a s e  o f  c o t t o n  s e e d  h u l l s  (CSH) a n d  c o r n  cob  r a t i o n s .  S i m i l a r  r e ­
s u l t s  h a v e  b e e n  r e p o r t e d  by McCoy £ t  _al.  ( 6 1 )  and  L o v e l l  and R u s o f f  
( 5 5 ) .  The r a t i o n s  c o n t a i n i n g  c o t t o n s e e d  h u l l s  ( I I I )  a n d  c o r n  cobs  (IV) 
w e re  6 .8% and  6.7% lo w e r  i n  TDN t h a n  t h e  c a l c u l a t e d  TDN v a l u e s .  The
r a t i o n s  c o n t a i n i n g  a l f a l f a  ( I  a n d  I I )  w e r e  2 .0% and  4 .0% l o w e r ,  r e s p e c ­
t i v e l y ,  t h a n  t h e  c a l c u l a t e d  TDN v a l u e s .
Summary
From t h e  r e s u l t s  o f  t h e s e  d i g e s t i b i l i t y  s t u d i e s  w i t h  s h e e p ,  i t  
was  o b s e r v e d  t h a t  r a t i o n s  I  ( c o n t r o l )  and  I I  ( a l f a l f a - c o m p l e t e  f e e d )  
h a d  h i g h e r  TDN a n d  d i g e s t i o n  c o e f f i c i e n t s  t h a n  e i t h e r  r a t i o n  I I I  o r  IV. 
Based  on  t h e s e  r e s u l t s ,  t h e  s e c o n d  p h a s e  was i n i t i a t e d  w i t h  t h e  p u r p o s e  
o f  d e t e r m i n i n g  t h e  d i f f e r e n t  e f f e c t s  t h e s e  f o u r  r a t i o n s  w o u ld  h a v e  on
t h e ' p e r f o r m a n c e  o f  l a c t a t i n g  d a i r y  cows .
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S econd  P h a s e , N u t r i t i o n a l  S t u d i e s  w i t h  D a i r y  Cows
R a t i o n s  Used i n  t h e  S t u d y
The e x p e r i m e n t a l  r a t i o n s  u s e d  i n  t h i s  s t u d y  w e re  a s  f o l l o w s :  ( I )
a l f a l f a  h a y  ( l o n g )  f e d  s e p a r a t e l y  f rom  t h e  c o n c e n t r a t e ;  ( I I )  a l f a l f a  h a y  
( c h o p p e d  t o  2 . 5  cm ) ,  f e d  i n  a  c o m p l e t e  f e e d ;  ( I I I )  c o t t o n  s e e d  h u l l s  f e d  
i n  a c o m p l e t e  m i x t u r e ;  and  ( IV a)  n a t i v e  g r a s s  h a y  f e d  i n  a c o m p l e t e  m i x ­
t u r e .  Each  o f  t h e  e x p e r i m e n t a l  r a t i o n s  u s e d  30% r o u g h a g e  and  70% c o n ­
c e n t r a t e  .
C h e m ic a l  A n a l y s i s  o f  t h e  R a t i o n s
T a b l e  8 p r e s e n t s  t h e  p r o x i m a t e  a n a l y s i s  o f  t h e  e x p e r i m e n t a l  r a t i o n s  
and  i n g r e d i e n t s ,  w h i l e  T a b l e  5 shows t h e  c a l c u l a t e d  c h e m i c a l  a n a l y s i s  f o r  
t h e  same r a t i o n s .
The d e t e r m i n e d  c r u d e  p r o t e i n  and  c r u d e  f i b e r  p e r c e n t a g e s  f o r  t h e  
f o u r  e x p e r i m e n t a l  r a t i o n s  w e r e :  ( I )  1 5 . 9 5 ,  1 1 . 3 2 ;  ( I I )  1 5 . 9 5 ,  1 1 . 3 2 ;
( I I I )  1 5 . 9 3 ,  1 2 . 7 6 ;  ( IV a )  1 6 . 3 1 ,  1 2 . 4 7 ,  r e s p e c t i v e l y .  When c o m p a r in g  t h e  
c a l c u l a t e d  c h e m i c a l  a n a l y s i s  o f  t h e  r a t i o n s  ( T a b l e  5) w i t h  t h o s e  d e t e r m i n e d  
by p r o x i m a t e  a n a l y s i s  ( T a b l e  8 ) ,  c l o s e  a g r e e m e n t  f o r  m o s t  v a l u e s  a r e  ob ­
s e r v e d  w i t h  t h e  e x c e p t i o n  o f  c r u d e  f i b e r  f o r  r a t i o n  I I I ,  w h ic h  was  lo w e r  
t h a n  c a l c u l a t e d .
Summary o f  R e s p o n s e  w i t h  D a i r y  Cows
T a b l e  9 p r e s e n t s  t h e  d a i l y  means  f o r  f e e d  c o n s u m p t i o n ,  m i l k  p r o ­
d u c t i o n ,  m i l k  c o m p o s i t i o n ,  g r o s s  e f f i c i e n c y ,  p r o d u c t i o n  r e q u i r e m e n t s  and  
body  w e i g h t  c h a n g e s  o f  t h e  cows on t h e  f o u r  e x p e r i m e n t a l  r a t i o n s .  Each 
s e c t i o n  w i l l  be d i s c u s s e d  i n  d e t a i l .
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TABLE 8
C h e m ic a l  A n a l y s i s  o f  t h e  E x p e r i m e n t a l  R a t i o n s  and 
I n g r e d i e n t s  Fed  t o  t h e  L a c t a t i n g  Cows
I n g r e d i e n t s P r o t e i n F a t F i b e r M o i s t u r e Ash NFE D.M.
■ -  - <%)
R a t i o n  I* 1 5 . 9 5 2 . 0 1 1 .3 2 1 4 . 6 0 6 . 6 7 4 9 . 4 6 8 5 . 4 0
R a t i o n  I * 1 5 . 9 5 2 . 0 1 1 .3 2 1 . 4 6 0 6 . 6 7 4 9 . 4 6 8 5 . 4 0
R a t i o n  I I I * 1 5 .9 3 2 . 2 7 1 2 . 7 6 1 4 .4 3 5 . 3 7 4 9 . 2 4 8 5 . 5 7
R a t i o n  IVa* 1 6 .3 1 2 . 6 0 1 2 .4 7 1 3 . 4 0 7 . 4 6 4 7 . 7 6 8 6 . 6 0
A l f a l f a  Hay 1 3 . 3 0 3 . 1 0 2 8 . 3 0 1 3 . 2 0 7 . 7 0 3 4 . 4 0 8 6 . 8 0
C o n c e n t r a t e 1 6 . 1 1 2 . 2 5 7 . 7 8 1 5 . 4 5 5 . 8 2 5 7 . 5 9 8 4 . 5 5
C .S .H . 3 . 4 0 0 . 9 0 3 8 . 7 0 1 2 . 4 0 2 . 4 0 4 2 .2 : 8 7 . 6
N a t i v e  G r a s s  Hay 7 . 0 0 2 . 0 0 3 1 . 9 0 9 . 2 0 7 . 0 0 4 2 . 9 9 0 . 8
Corn 8 . 9 0 3 . 9 0 1 . 9 0 1 3 . 8 0 1 . 1 0 7 0 . 4 8 6 . 2
SBOM 4 4 . 6 0 2 . 6 0 1 0 .0 0 9 . 3 0 6 . 3 0 2 7 . 2 9 0 .7
C.S .M. 3 9 . 4 0 6 . 7 0 7 . 4 0 6 . 1 0 7 . 2 0 3 3 . 2 9 3 . 9
M o l a s s e s 3 . 5 0 0 . 0 0 0 . 0 0 2 0 . 0 0 6 . 2 0 7 0 . 3 7 0 . 0
♦ A v e ra g e  o f  10 c h e m i c a l  a n a l y s e s  f o r  e a c h  r a t i o n  and  i n g r e d i e n t .
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TAoLiEi y
Summary o f  R e s p o n s e s  O b t a i n e d  w i t h  L a c t a t i n g  
Cows on t h e  Fou r  E x p e r i m e n t a l  R a t i o n s
D a i r y
D a i l y  Means I
R a t i o n  
I I  I I I IVa
F eed  C onsum pt ion
T o t a l  f e e d  i n t a k e  (kg ) 2 3 . 8 2 3 . 3 2 6 . 9 2 2 . 3
C o n c e n t r a t e  (kg) 1 7 . 0 16 .3 1 8 .9 15 .6
Roughage  (kg) 6 . 8 7 . 0 8 . 0 6 . 7
T o t a l  D.M. (kg) 1 9 .7 9 2 0 . 3 5 2 3 . 0 4 19 .20
TDN ( k g )* 1 5 .0 14 .2 1 5 .0 12 .7
DE (Therms) 6 4 . 1 1 6 5 .3 9 6 3 . 7 2 5 8 .4 5
P e r f o r m a n c e
M i lk  (kg) 2 7 . 2 2 8 . 5 2 5 . 5 2 0 . 3
4 % FCM (kg) 2 2 . 5 2 3 . 4 2 0 . 9 1 7 .5
M i lk  f a t  (%) 2 .9 1 2 . 7 7 2 . 7 6 3 .26
M i lk  f a t  (kg) 0 . 7 8 0 . 8 0 0 . 7 1 0 . 6 2
SNF (%) 8 . 7 2 8 . 5 5 8 . 4 9 8 . 9 1
SNF (kg) 2 . 3 7 2 . 4 4 2 .16 1 .81
P r o t e i n  (7i) 3 . 4 5 3.  15 3 . 1 7 3 . 4 6
P r o t e i n  (kg ) .96 .90 .81 .70
G r o s s  E f f i c i e n c y
Kg TDN /  kg FCM 0 . 6 8 0 . 6 3 0 . 7 8 0 .  78
Therms /  kg FCM 3 . 9 9 4 . 0 3 5 . 4 7 5 . 3 7
Therms DE /  kg FCM 2 .9 3 2 .84 3 . 3 3 3 . 5 7
P r o d u c t i o n  R e q u i r e m e n t s
Kg TDN /  kg FCM 0 . 5 1 0 . 4 6 0 . 5 8 0 . 5 2
Therms DE /  kg FCM 2 . 2 0 2 . 1 5 2 . 5 0 2 . 5 7
Body W eigh t  Changes  (kg ) 0 . 5 0 0 . 5 5 0 . 6 2 0 . 3 9
♦ D e te r m i n e d  from d i g e s t i o n  c o e f f i c i e n t s  o b t a i n e d  w i t h  s h e e p .
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F eed  and Dry M a t t e r  C onsum pt ion
The a v e r a g e  d a i l y  f e e d  i n t a k e  and  d r y  m a t t e r  c o n s u m p t i o n  o f  t h e  
cows on t h e  d i f f e r e n t  r a t i o n s  w e r e :  ( I )  2 3 . 8  and 1 9 .7 9  k g ;  ( I I )  2 3 . 3
and 2 0 . 3 5  k g ;  ( I I I )  2 6 . 8  and 2 3 . 0 4  k g ;  and  ( IV a)  2 2 . 2  and 1 9 .2  kg (T a b l e  
9 ) .  A ppend ix  T a b l e  2a shows t h e  mean v a l u e s  f o r  d a i l y  f e e d  i n t a k e  by 
p e r i o d s  o f  t h e  f o u r  e x p e r i m e n t a l  g r o u p s  and A p p e n d ix  T a b l e  3a shows th e  
s t a t i s t i c a l  a n a l y s i s  f o r  t h e s e  d a t a .  A p p e n d ix  T a b l e  4a  p r e s e n t s  t h e  
d r y  m a t t e r  i n t a k e  o f  t h e  cows on t h e  e x p e r i m e n t a l  r a t i o n s .  I t  c a n  be o b ­
s e r v e d  t h a t  u n d e r  t h e  c o n d i t i o n s  o f  t h i s  e x p e r i m e n t ,  f e e d  i n t a k e  and d r y  
m a t t e r  i n t a k e  o f  t h e  cows f e d  t h e  c o m p l e t e  f e e d  c o n t a i n i n g  c o t t o n  s e e d  
h u l l s  ( I I I )  was s i g n i f i c a n t l y  (P ^  . 0 5 )  h i g h e r  t h a n  any  o f  t h e  o t h e r  
t h r e e  g r o u p s .
H i g h e r  f e e d  c o n s u m p t i o n  f o r  a l l  t h e  r a t i o n s  was o b s e r v e d  a t  t h e  
o n s e t  o f  t h e  e x p e r i m e n t  and  c o n t i n u e d  u n t i l  t h e  end  o f  t h e  t r i a l .  At t h e  
end  o f  t h e  e x p e r i m e n t  ( l a s t  2 p e r i o d s ) , t h e  f e e d  c o n s u m p t i o n  h a d  d e c l i n e d  
f o r  a l l  r a t i o n s ,  b u t  p a r t i c u l a r l y  r a t i o n  IV a.  The d e c l i n e  i n  f e e d  i n t a k e  
f o r  t h i s  g r o u p  was r e f l e c t e d  i n  a d r a s t i c  r e d u c t i o n  i n  m i l k  p r o d u c t i o n .  
R a t i o n  I I I ,  c o n t a i n i n g  c o t t o n  s e e d  h u l l s ,  showed t h e  l e a s t  d e c l i n e  o f  t h e  
f o u r  r a t i o n s ,  w i t h  t h e  cows i n  t h i s  g r o u p  consum ing  t h e  l a r g e s t  amount  o f  
f e e d  t h r o u g h o u t  t h e  e x p e r i m e n t .  T h i s  l a r g e r  i n t a k e  may h a v e  b e e n  due t o  
a f a s t e r  r a t e  o f  p a s s a g e  t h r o u g h  t h e  d i g e s t i v e  t r a c t .  B a l c h  and  C am pl ing  
(6 )  and  B l a x t e r  e_t _al. (11)  r e p o r t e d  t h a t  t h e  r a t e  o f  f e e d  p a s s a g e  t h r o u g h  
t h e  a l i m e n t a r y  t r a c t  was r e g u l a t e d  m a i n l y  by t h e  p h y s i c a l  form o f  t h e  
c r u d e  f i b e r  i n  t h e  r a t i o n .  S i n c e  c o t t o n  s e e d  h u l l s  had  t h e  s m a l l e s t  p a r ­
t i c l e  s i z e  o f  t h e  f o u r  t r e a t m e n t s ,  i t s  p a s s a g e  t h r o u g h  t h e  d i g e s t i v e  t r a c t  
m i g h t  h a v e  b e e n  s i m i l a r  t o  t h a t  o f  g ro u n d  h a y .
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A c c o r d i n g  t o  R o d r ig u e  and A l l e n  (89 )  and  B a lc h  ( 6 ) ,  g ro u n d  hay  
p a s s e s  t h r o u g h  t h e  d i g e s t i v e  t r a c t  a t  a f a s t e r  r a t e  t h a n  f i e l d  l e n g t h  
h a y .  McCoy <it a l ^  (62)  r e p o r t e d  i n  1966 t h a t  cows on a c o m p le t e  f e e d  
c o n t a i n i n g  c o t t o n  s e e d  h u l l s  a t  a 3 0 : 7 0  ro u g h a g e  t o  c o n c e n t r a t e  r a t i o  
consumed s i g n i f i c a n t l y  more f e e d  t h a n  cows on e i t h e r  a r a t i o n  c o n t a i n i n g  
a l f a l f a  hay  o r  one c o n t a i n i n g  c o r n  c obs  a s  t h e  s o u r c e  o f  r o u g h a g e .  T h u r -  
mon (102 )  r e p o r t e d  t h a t  cows f e d  a c o n v e n t i o n a l  r a t i o n  (h a y  and c o n c e n ­
t r a t e  s e p a r a t e l y )  consumed s i g n i f i c a n t l y  more  t h a n  t h o s e  f e d  a c o m p l e t e  
r a t i o n  made up o f  chopped  a l f a l f a  h a y  and  c o n c e n t r a t e .  He t h e o r i z e d  t h a t  
d u s t i n e s s  o f  t h e  c o m p l e t e  f e e d  and  t h e  ad d e d  b u l k i n e s s  c o u l d  be t h e  c a u s e  
o f  t h e  d i f f e r e n c e s  i n  i n t a k e .  I n  t h e  p r e s e n t  e x p e r i m e n t ,  h o w e v e r ,  n e i t h e r  
o f  t h e s e  two s u g g e s t e d  c a u s e s  a f f e c t e d  t h e  f e e d  c o n s u m p t i o n  o f  a n y  o f  t h e  
g r o u p s  o f  cows f e d  t h e  c o m p l e t e  f e e d s .
I t  was o b s e r v e d  t h a t  cows on t h e  c o n t r o l  r a t i o n  ( I ) , a l t h o u g h  t h e y  
w ere  b e i n g  f e d  r o u g h a g e ,  and  c o n c e n t r a t e ,  ad  l i b i t u m , b a l a n c e d  t h e i r  i n ­
t a k e  a t  e s s e n t i a l l y  t h e  same r a t i o  o f  r o u g h a g e  t o  c o n c e n t r a t e  t h a t  was 
consumed by t h e  cows f e d  t h e  c o m p l e t e  f e e d  m i x t u r e s .  T h e s e  o b s e r v a t i o n s  
c o i n c i d e  w i t h  t h o s e  o f  Thurmon ( 1 0 2 ) ,  who o b s e r v e d  t h a t  cows f e d  ad  l i b i ­
tum ro u g h a g e  and  g r a i n  t e n d e d  t o  b a l a n c e  t h e i r  i n t a k e  a t  a 3 0 :7 0  r a t i o ;  
on t h e  o t h e r  h a n d ,  B e r n e t t  e £  aJL. (9 )  r e p o r t e d  t h a t  cows f e d  c o n c e n t r a t e  
and r o u g h a g e s  ad l i b i t u m ,  a t e  22% o f  t h e  t o t a l  f e e d  i n  t h e  form  o f  r o u g h ­
age  .
I n  g e n e r a l ,  t h e  f e e d  c o n s u m p t i o n  o f  t h e  cows i n  t h i s  s t u d y  was 
h i g h e r  t h a n  t h o s e  r e p o r t e d  by McCoy (59)  and  Thurmon (102)  and s i m i l a r  t o  
t h o s e  o f  H a r s h b a r g e r  ( 3 1 ) .
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P a l a t a b i l i t y  o f  t h e  R a t i o n s
Under  t h e  c o n d i t i o n s  o f  t h i s  e x p e r i m e n t ,  r a t i o n  I I I  was t h e  m o s t  
p a l a t a b l e  r a t i o n ,  and  r a t i o n  IV a ,  t h e  l e a s t  p a l a t a b l e .  R a t i o n s  I  and  
I I  showed no  d i f f e r e n c e ,  a s  t h e  cows a c c e p t e d  e i t h e r  r a t i o n  w i l l i n g l y .
G r a i n  and  R oughage  C o n s u m p t io n
A p p e n d ix  T a b l e s  5a  and 6a p r e s e n t  t h e  r e s u l t s  o f  t h e  a v e r a g e  
d a i l y  g r a i n  and  r o u g h a g e  c o n s u m p t i o n  f o r  t h e  f o u r  e x p e r i m e n t a l  g r o u p s .
The mean d a i l y  g r a i n  and  r o u g h a g e  c o n s u m p t i o n  by t h e  cows w a s :  ( I )  1 7 . 0
and  6 . 8  k g ;  ( I I )  1 6 .3  a n d  7 . 1  k g ;  ( I I I )  1 8 . 9  a n d  8 . 1  k g ;  and  ( IV a)  1 5 . 6  
and  6 . 7  kg ( T a b l e  9 ) .  T h e s e  d i f f e r e n c e s  w e re  fo u n d  t o  be s i g n i f i c a n t l y  
( P ^ . 0 5 )  d i f f e r e n t  ( A p p e n d ix  T a b l e s  7a and  8 a ) .
The a n i m a l s  f e d  t h e  r a t i o n  c o n t a i n i n g  c o t t o n s e e d  h u l l s  consumed 
s i g n i f i c a n t l y  more g r a i n  and  r o u g h a g e  t h a n  any  o f  t h e  o t h e r  t h r e e  r a t i o n s .
A n im a ls  on r a t i o n  I  consumed  s l i g h t l y  m ore  g r a i n  t h a n  t h o s e  on r a t i o n  I I
( 1 7 . 0  v s .  1 6 .3  kg  p e r  d a y ) .  The g r o u p  f e d  t h e  n a t i v e  g r a s s  h a y  r a t i o n
( IV a)  h a d  t h e  l o w e s t  r o u g h a g e  and  g r a i n  c o n s u m p t i o n .
The g r a i n  and r o u g h a g e  c o n s u m p t i o n  f o r  t h e  a n i m a l s  i n  t h i s  s t u d y  
a r e  g r e a t e r  t h a n  t h o s e  r e p o r t e d  by B e l l  £ t  a_l. (7 )  and  McCoy e_t j^ l .  (62 )  
and  s i m i l a r  t o  t h o s e  o f  Brown e_t aJL. (16 )  .
T o t a l  D i g e s t i b l e  N u t r i e n t s  I n t a k e
The t o t a l  d i g e s t i b l e  n u t r i e n t s  (TDN) v a l u e s  o b t a i n e d  w i t h  t h e  s h e e p  
d i g e s t i b i l i t y  s t u d i e s  w e re  u s e d  t o  c a l c u l a t e  t h e  a v e r a g e  d a i l y  TDN i n t a k e  
o f  t h e  cows.
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At t h e  i n i t i a t i o n  o f  t h e  s t u d y  w i t h  l a c t a t i n g  cow s ,  i t  was n o t
p o s s i b l e  t o  o b t a i n  c o r n  cobs  a s  a s o u r c e  o f  ro u g h a g e  f o r  r a t i o n  IV, so
i t  was d e c i d e d  t h a t  n a t i v e  g r a s s  h a y  wou ld  r e p l a c e  t h e  c o r n  cob p o r ­
t i o n  o f  t h e  r a t i o n  on an  e q u a l  b a s i s .  T h i s  new r a t i o n  was named IVa t o  
d i s t i n g u i s h  i t  f rom t h e  c o r n  c obs  r a t i o n  (IV) u s e d  i n  t h e  s h e e p  s t u d y .
I n  o r d e r  t o  d e t e r m i n e  t h e  TDN and DE v a l u e s  o f  r a t i o n  IV a ,  two 
m a t u r e  s h e e p  w ere  p l a c e d  i n  m e t a b o l i s m  c r a t e s  and two d i g e s t i b i l i t y  
t r i a l s  w ere  r u n  i n  e x a c t l y  t h e  same m a nne r  a s  t h o s e  p r e v i o u s l y  c o n d u c t e d  
( s e e  E x p e r i m e n t a l  P r o c e d u r e s ) . The TDN and  DE v a l u e s  o b t a i n e d  f o r  t h i s  
r a t i o n  w ere  57% and 66 .7?0, r e s p e c t i v e l y .  T hese  v a l u e s  were  u s e d  t o  d e t e r ­
mine  t h e  TDN and DE i n t a k e  o f  t h e  cows on r a t i o n  IVa.
A p p e n d ix  T a b l e  9a shows t h e  r e s u l t s ,  by p e r i o d s ,  o f  t h e  TDN i n ­
t a k e  by t h e  cows i n  t h i s  e x p e r i m e n t .  A ppend ix  T a b l e  10a p r e s e n t s  t h e
s t a t i s t i c a l  a n a l y s i s .  The mean d a i l y  TDN i n t a k e  f o r  t h e  cows f e d  t h e
f o u r  e x p e r i m e n t a l  r a t i o n s  w as :  ( I )  1 5 .0  k g ;  ( I I )  1 4 .2  k g ;  ( I I I )  1 5 .0
k g ;  and  ( IVa)  12 .7  kg ( T a b l e  9 ) .  These  v a l u e s  w ere  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  u n d e r  t h e  c o n d i t i o n s  o f  t h i s  e x p e r i m e n t .
The a v e r a g e  body w e i g h t  o f  t h e  cows i n  t h i s  e x p e r i m e n t  was 582 k g ,  
and  t h e i r  d a i l y  FCM p r o d u c t i o n  was 21 k g .  A c c o r d i n g  t o  M o r r i s o n ' s  f e e d ­
i n g  s t a n d a r d s ,  a cow w i t h  t h i s  w e i g h t  and  l e v e l  o f  p r o d u c t i o n  n e e d s  a p ­
p r o x i m a t e l y  10 kg  o f  TDN p e r  d a y .  I t  i s  t h e n  o b s e r v e d  t h a t  t h e  cows on 
t h i s  e x p e r i m e n t  were  e a t i n g  ( 1 2 . 7  t o  1 5 .0  kg TDN) w e l l  above  t h e i r  m i n i ­
mum r e q u i r e m e n t s  f o r  m a i n t e n a n c e  and  p r o d u c t i o n .  The TDN i n t a k e  o f  t h e s e
cows was g r e a t e r  t h a n  t h o s e  r e p o r t e d  by B e r n e t t  e_t al_. ( 9 ) ,  Thurmon ( 1 0 2 ) ,
L o v e l l  and  R u s o f f  ( 5 5 ) ,  and  s i m i l a r  t o  t h o s e  r e p o r t e d  by H a r s h b a r g e r  ( 3 1 ) .
M ilk  P r o d u c t i o n  and  M i lk  C o n s t i t u e n t s
A c t u a l  m i l k  p r o d u c t i o n  and  FCM p r o d u c t i o n ,  by p e r i o d s ,  a r e  p r e ­
s e n t e d  i n  A p p e n d ix  T a b l e s  11a and 12a .  The a n a l y s i s  o f  v a r i a n c e  f o r  
m i l k  and FCM p r o d u c t i o n  i s  shown i n  t h e  A p p e n d ix  ( T a b l e s  13a and  1 4 a ) , 
as  i s  t h e  p r e s e n t a t i o n  o f  c o v a r i a n c e  a n a l y s i s  f o r  FCM a d j u s t i n g  f o r  
i n i t i a l  d i f f e r e n c e  i n  p r o d u c t i o n  (A p p en d ix  T a b l e  1 5 a ) .
M i lk  - The mean d a i l y  p r o d u c t i o n  o f  t h e  cows on t h e  f o u r  e x p e r i ­
m e n t a l  r a t i o n s  was ( I )  2 7 . 2  k g ;  ( I I )  2 8 . 5  k g ;  ( I I I )  2 5 . 5  k g ;  and  ( IVa)
2 0 . 3  kg ( T a b l e  9 ) .  Even th ough  t h e r e  was a d i f f e r e n c e  o f  6 . 9  kg  p e r  day  
b e tw e e n  r a t i o n s  I  and IVa,  t h e s e  d i f f e r e n c e s  w e re  n o t  s t a t i s t i c a l l y  s i g ­
n i f i c a n t  .
I n  o r d e r  t o  o b s e r v e  t h e  m i l k  p e r s i s t e n c y  c u r v e s  o f  th e  a n i m a l s  on 
t h e i r  d i f f e r e n t  r a t i o n s ,  t h e i r  e x p e c t e d  l a c t a t i o n  c u r v e s  were  c a l c u l a t e d  
u s i n g  t h e  p e r s i s t e n c y  f i g u r e  o f  0 . 9 1 4 4 .  T h i s  f i g u r e ,  d e v i s e d  by C o r l e y  
( 1 9 ) ,  was u s e d  f o r  e a c h  cow s t a r t i n g  a t  h e r  p e a k  p r o d u c t i o n  and  c a l c u ­
l a t i n g  t h e  d e c l i n e  f o r  e a c h  3 0 -d a y  p e r i o d .  The d i f f e r e n c e s  b e t w e e n  t h e  
a c t u a l  and  e x p e c t e d  m i l k  p r o d u c t i o n  were  u s e d  a s  a m e a s u r e  o f  t h e  e f f e c ­
t i v e n e s s  o f  t h e  r a t i o n  i n  i n c r e a s i n g  m i l k  p r o d u c t i o n .  F i g u r e  5 shows 
t h e  d e v i a t i o n s  from t h e  e x p e c t e d  p r o d u c t i o n ;  A p p e n d ix  T a b l e  16a p r e s e n t s  
t h e  s t a t i s t i c a l  a n a l y s i s .
Even  th o u g h  d u r i n g  m o s t  o f  t h e  e x p e r i m e n t  cows f e d  on r a t i o n  IVa 
p r o d u c e d  be low  t h e i r  e x p e c t e d  l e v e l s ,  t h e  d i f f e r e n c e s  b e tw e e n  t h i s  r a t i o n  
and  t h e  o t h e r  t h r e e  w ere  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  I t  c a n  be o b ­
s e r v e d  f rom F i g u r e  5 t h a t  cows on r a t i o n s  I ,  I I ,  and I I I  had  s i m i l a r  
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T o t a l  m i l k  p r o d u c t i o n  d e v i a t i o n s  from e x p e c t e d  f o r  the  f o u r  
g roups  of  cows fed  the  e x p e r i m e n t a l  r a t i o n s .
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w h i l e  r a t i o n  IVa p r o d u c e d  a f a s t e r  d r o p  i n  p r o d u c t i o n  t h a n  any  o f  t h e  
o t h e r  t h r e e  r a t i o n s .  T h i s  d r o p  i n  p r o d u c t i o n  may be due t o  t h e  f a c t  
t h a t  i n  t h i s  r a t i o n ,  t h e r e  w e r e ,  by c h a n c e ,  two cows w i t h  t h e  l o w e s t  
i n h e r e n t  p o t e n t i a l  f o r  m i l k  p r o d u c t i o n .  I t  h a s  been  p o i n t e d  o u t  by 
O ls o n  (73 )  t h a t  c o m p l e t e  f e e d s  h a v e  p r o m i s e  f o r  a n i m a l s  h a v i n g  h i g h  
g e n e t i c  c a p a c i t y  t o  p r o d u c e  and low er  p r o d u c e r s  do n o t  r e s p o n d  w i t h  
h i g h e r  m i l k  y i e l d s  b u t  w i t h  g a i n s  i n  body w e i g h t .  I t  i s  n o t  t h e r e f o r e  
s u r p r i s i n g  t h a t  t h e s e  two low p r o d u c e r s  h e l d  t h e  a v e r a g e  o f  t h i s  g ro u p  
down. The e n e r g y  i n p u t  o f  t h e s e  cows ,  s i n c e  t h e y  d i d  n o t  h a v e  t h e  m i l k  
p r o d u c t i o n  c a p a c i t y ,  was o b v i o u s l y  c h a n n e l e d  i n t o  a  l i p o g e n i c  t y p e  m e t a b ­
o l i s m  j u d g i n g  by t h e i r  c o n s i s t e n t  i n c r e a s e s  i n  body w e i g h t .
On t h e  o t h e r  h a n d ,  some o f  t h e  h i g h  p r o d u c i n g  cows i n  t h i s  s t u d y ,  
e s p e c i a l l y  a t  a t im e  when p r o d u c t i o n  p a s s e d  t h e  35 kg  p e r  d a y ,  w ere  u t i ­
l i z i n g  t h e i r  body t i s s u e s  a s  e n e r g y  s o u r c e s  f o r  m i l k  p r o d u - t i o n .  T hese  
l o s s e s  i n  body  t i s s u e  w ere  r e f l e c t e d  i n  d r a s t i c  l o s s e s  i n  body w e i g h t ,  
e v e n  th o u g h  t h e y  w ere  f e d  ad l i b i t u m . S i m i l a r  o b s e r v a t i o n s  h ave  b een  
r e p o r t e d  by R e id  (8 6 ,  87) and Moe _et j | l ^  ( 6 6 ) .
F a t - C o r r e c t e d  M i lk  (FCM)
The a v e r a g e  d a i l y  FCM p r o d u c t i o n  f o r  t h e  f o u r  g r o u p s  o f  a n i m a l s  
f e d  t h e  e x p e r i m e n t a l  r a t i o n s  w e re  2 2 . 5  k g ,  2 0 . 9  k g ,  and 1 7 .5  kg  f o r  
r a t i o n s  I ,  I I ,  I I I ,  and IVa,  r e s p e c t i v e l y .  F i g u r e  6 i l l u s t r a t e s  by 
p e r i o d s ,  t h e  FCM p r o d u c t i o n  o f  t h e  cows .  T h e re  w e re  no s t a t i s t i c a l l y  
s i g n i f i c a n t  d i f f e r e n c e s  i n  FCM b e tw e e n  t h e  f o u r  e x p e r i m e n t a l  r a t i o n s .  
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F i g u r e  6.  Mean o f  d a i l y  FCM p r o d u c t i o n  f o r  t h e  f o u r  g ro u p s  o f  cows 
f ed  th e  e x p e r i m e n t a l  r a t i o n s
62
d e c l i n e  i n  m i l k  p r o d u c t i o n  w i t h  a d v a n c i n g  s t a g e  o f  l a c t a t i o n .  R a t i o n  I I  
h a d  t h e  h i g h e s t  l e v e l  o f  p r o d u c t i o n  and  r a t i o n  IVa t h e  l o w e s t .  R a t i o n s  
I  and  I I  had  v e r y  s i m i l a r  l e v e l s  o f  p r o d u c t i o n ,  s u g g e s t i n g  t h a t  t h e  p h y ­
s i c a l  s t a t e  o f  t h e  r o u g h a g e  and s y s t e m  o f  f e e d i n g  d i d  n o t  a f f e c t  t h e  p e r ­
fo rm a n c e  o f  t h e  a n i m a l s .
A l e a s t  s i g n i f i c a n t  d i f f e r e n c e  (LSD),  a s  d e s c r i b e d  by S n e d e c o r  ( 9 8 ) ,  
was c a l c u l a t e d  t o  d e t e r m i n e  t h e  minimum v a l u e  n e c e s s a r y  t o  be s i g n i f i c a n t .  
I t  was o b s e r v e d  t h a t  t h e  m i l k  p r o d u c t i o n  d i f f e r e n c e  b e t w e e n  r a t i o n s  I I  and  
IVa was 5 . 9  kg p e r  day  a n d  a c c o r d i n g  t o  t h e  LSD t e s t ,  o n l y  6 . 7  kg  w e re  
n e e d e d  f o r  t h i s  c o m p a r i s o n  t o  be s i g n i f i c a n t .
The m i l k  p r o d u c t i o n  o f  a l l  cows i n  t h i s  e x p e r i m e n t  was h i g h e r  t h a n  
t h a t  o b t a i n e d  i n  o t h e r  e x p e r i m e n t s  w i t h  c o m p l e t e  f e e d s  a s  r e p o r t e d  by P u t ­
nam and  D a v i s  ( 8 2 ) ,  L e i g h t o n  ( 4 8 ,  4 9 ) ,  R o n n in g  ( 9 0 ) ,  Komkris  and  M o r i t a  
( 4 5 ) ,  and  s i m i l a r  t o  p r o d u c t i o n  l e v e l s  r e p o r t e d  by Emery ejt a_l. ( 2 2 ) ,  McCoy 
( 5 9 ) ,  Thurmon (102 )  and  Benz €^t a ^ .  ( 8 ) .  I t  i s  o f  i n t e r e s t  t o  n o t e  t h a t  
t h e  r e s u l t s  o f  t h e  m a j o r i t y  o f  t h e s e  a u t h o r s  w e re  o b t a i n e d  w i t h  r e l a t i v e l y  
s h o r t  t i m e  e x p e r i m e n t s ,  w h e r e a s ,  t h o s e  r e p o r t e d  i n  t h e  p r e s e n t  s t u d y  a r e  
t h e  mean v a l u e s  o f  a c o n t i n u o u s  (110  d a y s )  i n v e s t i g a t i o n .
M i lk  C o n s t i t u e n t s
M i l k  F a t
A p p e n d ix  T a b l e s  17a and  18a p r e s e n t  t h e  mean v a l u e s ,  by p e r i o d s ,  
f o r  f a t  p e r c e n t a g e  and  f a t  p r o d u c t i o n  o f  t h e  f o u r  e x p e r i m e n t a l  g r o u p s .
T h e i r  r e s p e c t i v e  s t a t i s t i c a l  a n a l y s i s  c a n  be s e e n  i n  A p p e n d ix  T a b l e s  19a 
and  2 0 a .  The m i l k  f a t  p e r c e n t a g e s  o b t a i n e d ,  u n d e r  t h e  c o n d i t i o n s  o f  t h i s
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e x p e r i m e n t  w e re :  2 . 9 1 ,  2 . 7 7 ,  2 . 7 6  and  3 . 2 6  f o r  r a t i o n s  I ,  I I ,  I I I  and
IV a ,  r e s p e c t i v e l y .  T hese  v a l u e s  were  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  The 
low f a t  p e r c e n t a g e s  f o r  t h e s e  f o u r  g r o u p s ,  when com pared  t o  t h e  d a t a  o f  
o t h e r  e x p e r i m e n t s  w i t h  c o m p l e t e  f e e d s  may h a v e  b e e n  due t o  a  d i l u t i o n  
e f f e c t  s i n c e  t h e  m a j o r i t y  o f  t h e  cows i n  t h i s  s t u d y  w ere  v e r y  h i g h  p r o ­
d u c i n g  a n i m a l s  ( 1 6 ,  3 1 ,  59 ,  1 0 2 ) .
Cows on t h e  c o n t r o l  r a t i o n  showed a d e c l i n e  i n  m i l k  f a t  p e r c e n t a g e  
d u r i n g  t h e  c o u r s e  o f  t h e  e x p e r i m e n t  ( s e e  A p p e n d ix  T a b l e  17a)  . At t h e  b e ­
g i n n i n g  o f  t h e  e x p e r i m e n t ,  t h e s e  cows had  a m i l k  f a t  p e r c e n t a g e  o f  3 . 1 8  
and a t  t h e  end o f  110 d a y s  a v e r a g e d  2 .917 . .  The g ro u p  o f  cows f e d  t h e  
same e x p e r i m e n t a l  r a t i o n  i n  a c o m p l e t e  f e e d  ( r a t i o n  I I )  showed s l i g h t  i n ­
c r e a s e  i n  t h e i r  m i l k  f a t  p e r c e n t a g e  d u r i n g  t h e  e x p e r i m e n t a l  p e r i o d .  The 
c o t t o n  s e e d  h u l l s  r a t i o n  ( I I I )  had  a d e p r e s s i n g  e f f e c t  on  m i l k  f a t  p e r ­
c e n t a g e ,  w h e r e a s ,  r a t i o n  IVa p r o d u c e d  a s l i g h t  i n c r e a s e  d u r i n g  t h e  c o u r s e  
o f  t h e  e x p e r i m e n t .  S i n c e  t h e s e  r e s u l t s  w e re  o b t a i n e d  w i t h  a s m a l l  number 
o f  a n i m a l s  i n  e a c h  t r e a t m e n t ,  no  d e f i n i t e  c o n c l u s i o n s  c a n  be d raw n ,  and  
f u r t h e r  e x p e r i m e n t a t i o n  i s  n e c e s s a r y  i n  t h i s  a r e a .
The low f a t  p e r c e n t a g e  o f  t h e  c o n t r o l  cows may be due t o  t h e  f a c t  
t h a t  t h e s e  a n i m a l s  w ere  g i v e n  a  c h o i c e  o f  s e l e c t i n g  t h e i r  r o u g h a g e  and 
c o n c e n t r a t e s  a t  w i l l .  T h i s  b e i n g  t h e  c a s e ,  some a n i m a l s  may h ave  c o n ­
sumed t h e s e  f e e d s  a t  d i f f e r e n t  d a i l y  r a t i o s  t h r o u g h o u t  t h e  e x p e r i m e n t  
w h ich  c a u s e d  a d e p r e s s i o n  i n  t h e i r  m i l k  f a t  p e r c e n t a g e ,  e s p e c i a l l y  i f  t h e  
cows consumed more g r a i n  t h a n  r o u g h a g e .  R a t i o n  I I ,  s i n c e  i t  was o f f e r e d  
i n  a c o n s t a n t  fo rm ,  p r e v e n t e d  t h e s e  d a i l y  v a r i a t i o n s  o b s e r v e d  w i t h  r a t i o n  
I  and a l s o  a m arked  d e p r e s s i o n  i n  t h e  m i l k  f a t .  Thurmon (102)  r e p o r t e d
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s i m i l a r  o b s e r v a t i o n s ,  a l t h o u g h  t h e  cow s ,  i n  h i s  e x p e r i m e n t ,  h a d  a h i g h e r  
m i l k  f a t  p e r c e n t a g e  t h a n  t h o s e  i n  t h i s  s t u d y .  Komkris  and  M o r i t a  (45 )  
a n d  Thurmon (1 0 2 )  a l s o  r e p o r t e d  i n c r e a s e d  m i l k  f a t  p r o d u c t i o n  w i t h  t h e  
c o m p l e t e  f e e d  when com pared  t o  ad  l i b i t u m  f e e d i n g  o f  g r a i n  and  r o u g h a g e .
L e i g h t o n  (49 )  fo u n d  no d i f f e r e n c e  i n  f a t  p e r c e n t a g e  b e t w e e n  t h e  
c o n t r o l  r a t i o n  and  a  c o m p l e t e  f e e d  a t  a 3 0 : 7 0  r o u g h a g e  t o  c o n c e n t r a t e  
r a t i o ;  h o w e v e r ,  when t h e  l e v e l  o f  r o u g h a g e  was d r o p p e d  t o  207», i t  was 
o b s e r v e d  by o t h e r  i n v e s t i g a t o r s  ( 2 2 ,  45)  t h a t  c o m p l e t e  f e e d s  f a i l e d  t o  
m a i n t a i n  t h e  p r e - t r i a l  l e v e l  o f  m i l k  f a t .
The r e s u l t s  o b t a i n e d  i n  t h e  p r e s e n t  s t u d y  show a s l i g h t  i n c r e a s e  
i n  t h e  m i l k  f a t  p e r c e n t a g e  f o r  t h e  c o m p l e t e  f e e d s ,  I I  and  IV a ,  and  a 
s l i g h t  d e c r e a s e  f o r  r a t i o n s  I  arid I I I .  The o b s e r v a t i o n  o f  a  l o w e r e d  
m i l k  f a t  p e r c e n t a g e  f o r  a n i m a l s  f e d  c o n c e n t r a t e  and  r o u g h a g e  ad  l i b i t u m  
c o r r o b o r a t e s  t h e  r e s u l t s  o b t a i n e d  by B e l l  e t  a l .  ( 7 ) ,  O l s o n  _et a l .  ( 7 4 ) ,  
and  Van S o e s t  ( 1 0 6 ) .
M i l k  P r o t e i n
A p p e n d ix  T a b l e  21a  shows t h e  a v e r a g e  d a i l y  m i l k  p r o t e i n  p e r c e n t a g e ,  
by p e r i o d s  o b t a i n e d  i n  t h e  p r e s e n t  s t u d y ,  and A p p e n d ix  T a b l e  22a p r e s e n t s  
t h e  s t a t i s t i c a l  a n a l y s i s .
The a v e r a g e  m i l k  p r o t e i n  p e r c e n t a g e s  f o r  t h e  e x p e r i m e n t a l  r a t i o n s
w e r e :  ( I )  3 . 4 5 ,  ( I I )  3 . 1 5 ,  ( I I I )  3 . 1 7 ,  and ( IV a )  3 . 4 6  ( T a b l e  9 ) .  T h e r e
w e r e  no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  f o u r  t r e a t m e n t s .  
R a t i o n  I I I  f a i l e d  t o  m a i n t a i n  p r e - t r i a l  p r o t e i n  p e r c e n t a g e ,  b u t  i t  was
m a i n t a i n e d  by t h e  o t h e r  t h r e e  r a t i o n s .  The r e s u l t s  o b t a i n e d  i n  t h i s  e x ­
p e r i m e n t  a r e  i n  a g r e e m e n t  w i t h  t h o s e  o f  o t h e r  w o r k e r s  ( 8 ,  4 5 ,  6 2 ,  1 0 2 ) .
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S o l i d s - n o t - f a t  (SNF)
A p p e n d ix  T a b l e s  23a  and 24a p r e s e n t  t h e  SNF p e r c e n t a g e s  and s t a ­
t i s t i c a l  a n a l y s i s  o b t a i n e d  f o r  t h e  e x p e r i m e n t a l  g r o u p s .  The a v e r a g e  
d a i l y  SNF p e r c e n t a g e s  w e re :  ( I )  8 . 7 2 ,  ( I I )  8 . 5 5 ,  ( I I I )  8 . 4 9 ,  and  ( IV a)
8 . 9 1 ,  and t h e s e  v a l u e s  w ere  s i g n i f i c a n t l y  ( P ^ ^ - 0 5 )  d i f f e r e n t .  R a t i o n  
IVa p r o d u c e d  t h e  h i g h e s t  SNF v a l u e  o f  t h e  f o u r  r a t i o n s  and r a t i o n  I I I ,  
t h e  l o w e s t .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  same t r e n d s  o b s e r v e d  f o r  
p r o t e i n  w ere  o b s e r v e d  w i t h  SNF. T h e re  a p p e a r e d  t o  be a d i r e c t  r e l a t i o n ­
s h i p  b e tw e e n  t h e  p r o t e i n  and t h e  SNF p e r c e n t a g e s .  T h i s  d i r e c t  r e l a t i o n ­
s h i p  h a d  a l s o  been  o b s e r v e d  by Rook (92 )  and  Thurmon ( 1 0 2 ) .  O t h e r  w o r k e r s  
( 8 ,  49)  h a v e  r e p o r t e d  no s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  SNF p r o d u c e d  by cows 
f e d  on c o m p l e t e  f e e d s  a t  a  3 0 : 7 0  ro u g h a g e  t o  c o n c e n t r a t e  r a t i o ,  w h ich  may be 
due  t o  s h o r t - t e r m  s t u d i e s .  The h i g h  p e r c e n t a g e s  o f  p r o t e i n  and  SNF p r o d u c e d  
by g ro u p  IVa a p p e a r  t o  be r e l a t e d  t o  t h e  lo w er  m i l k  p r o d u c t i o n  o f  t h e s e  cows.
Body We i g h t
The a v e r a g e  body w e i g h t ,  by p e r i o d s ,  o f  t h e  f o u r  g r o u p s  o f  a n i m a l s  
f e d  t h e  e x p e r i m e n t a l  r a t i o n s  i s  p r e s e n t e d  i n  A p p e n d ix  T a b l e  25a .  Appen­
d i x  T a b l e  26a p r e s e n t s  t h e  s t a t i s t i c a l  a n a l y s i s .  The mean body w e i g h t  
v a l u e s  f o r  t h e s e  g r o u p s  o f  cows w e r e :  ( I )  592 k g ,  ( I I )  549 k g ,  ( I I I )
597 k g ,  and  ( IV a)  593 k g .  The a v e r a g e  d a i l y  g a i n  by g r o u p s  w e r e :  ( I )
0 . 5 0  k g ,  ( I I )  0 . 5 5  k g ,  ( I I I )  0 . 6 2  k g ,  and  ( IV a)  0 . 3 9  kg ( T a b l e  9 ) .  There  
w ere  no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  f o u r  g r o u p s .
I t  was o b s e r v e d  t h a t ,  u n d e r  t h e  c o n d i t i o n s  o f  t h e  e x p e r i m e n t ,  t h e  
cows consumed s u f f i c i e n t  e n e r g y  t o  e n a b l e  them t o  u n d e r g o  a c o n s i d e r a b l e
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d e g r e e  o f  f a t t e n i n g  i n  a d d i t i o n  t o  g i v i n g  h i g h  m i l k  y i e l d s .  Most  o f  
t h e  g a i n s  i n  body w e i g h t  w e re  o b t a i n e d  d u r i n g  t h e  f i r s t  40 d a y s  o f  t h e  
e x p e r i m e n t ,  w h ic h  s u g g e s t s  t h a t  t h e s e  a n i m a l s ^ w e r e  r e p l e n i s h i n g  t h e i r  
body  s t o r e s  a f t e r  c a l v i n g .  T h es e  cows e n t e r e d  t h e  e x p e r i m e n t  j u s t  a f t e r  
t h e y  had  r e a c h e d  t h e i r  p e a k  o f  l a c t a t i o n .  Most  o f  them had  l o s t  c o n s i d ­
e r a b l e  w e i g h t  due  t o  t h e i r  h i g h  e n e r g y  demands f o r  m i l k  p r o d u c t i o n ;  
t h e r e f o r e ,  when t h e s e  a n i m a l s  w ere  g i v e n  t h e  o p p o r t u n i t y  t o  consume more  
e n e r g y  t h a n  t h e y  r e q u i r e d  f o r  m i l k  p r o d u c t i o n  and  m a i n t e n a n c e ,  t h e y  r e ­
s p o n d e d  by r e p l a c i n g  t h e  body s t o r e s  o f  f a t  u s e d  e a r l y  i n  t h e  l a c t a t i o n .
As p o i n t e d  o u t  by R e id  ( 8 5 ) ,  some h i g h - p r o d u c i n g  a n i m a l s  may l o s e  
up t o  100 kg  o r  more  o f  body w e i g h t  d u r i n g  t h e i r  f i r s t  75 d a y s  o f  l a c t a ­
t i o n .  The f a c t  t h a t  m o s t  o f  t h e  body w e i g h t  g a i n s  o f  t h e  a n i m a l s  i n  t h i s  
s t u d y  w e re  made a t  t h e  b e g i n n i n g  o f  t h e  e x p e r i m e n t  and  d e c r e a s e d  t h e r e ­
a f t e r ,  s u g g e s t s  t h a t  t h e  cows w e re  r e p l a c i n g  t h e i r  body e n e r g y  s t o r e s .
The t o t a l  body  w e i g h t  g a i n s  f o r  t h e  f o u r  g r o u p s  d u r i n g  t h e  e n t i r e  e x p e r i ­
m e n t  w e r e :  ( I )  55 k g ,  ( I I )  61 k g ,  ( I I I )  68 k g ,  and ( IV a )  43 k g .  T hese
r e s u l t s  c o r r o b o r a t e  t h e  f i n d i n g s  o f  o t h e r  w o r k e r s  ( 9 ,  102) t h a t  more 
l i b e r a l  m e th o d s  o f  f e e d i n g  r e s u l t s  i n  h i g h e r  body w e i g h t  g a i n s .
H e a l t h  o f  t h e  A n im a1s
Under  t h e  c o n d i t i o n s  o f  t h i s  e x p e r i m e n t ,  h e a l t h  p r o b l e m s  w ere  e n ­
c o u n t e r e d  w i t h  a few o f  t h e  cows.
The i n c i d e n c e  o f  c l i n i c a l  m a s t i t i s  was h i g h  a t  t h e  o n s e t  o f  t h e  
e x p e r i m e n t  i n  a  few cows and  d e c r e a s e d  t h e r e a f t e r ;  h o w e v e r ,  no p a r t i c u l a r  
g r o u p  seemed t o  be a f f e c t e d  more  t h a n  t h e  o t h e r s .
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A c o n d i t i o n  o f  s t i f f n e s s  d e v e l o p e d  i n  f o u r  o f  t h e  a n i m a l s ,  c o n ­
d i t i o n  w hich  t u r n e d  i n t o  a s e r i o u s  c a s e  o f  f o o t  r o t  f o r  two o f  t h e s e  
cows on r a t i o n  IVa.  One o f  t h e  a n i m a l s ,  a t  t h e  end  o f  t h e  e x p e r i m e n t ,  
came down w i t h  an  a c u t e  c a s e  o f  l e u k e m i a .  The o t h e r  cow was so lame 
t h a t  she  had  t o  be s a c r i f i c e d .  A p o s t - m o r t e m  e x a m i n a t i o n  showed no 
c l i n i c a l  symptoms o f  d i s e a s e  o r  any  o t h e r  d i g e s t i v e  d i s t u r b a n c e s .
At t h e  end o f  t h e  80 d a y s ,  one cow on th e  c o m p l e t e  f e e d  c o n t a i n ­
i n g  a l f a l f a  ( I I )  b l o a t e d .  The c o n d i t i o n  became s e r i o u s  and t h e  a n i m a l  
had  t o  be t a k e n  o u t  o f  t h e  e x p e r i m e n t .  T h i s  cow, h o w e v e r ,  k e p t  b l o a t i n g  
on t h e  r e g u l a r  h e r d  f e e d i n g ,  which  s u g g e s t s  she  was a c h r o n i c  b l o a t e r .
On j u s t  t h r e e  o c c a s i o n s ,  two cows w en t  o f f  f e e d ;  one o f  them fed  
on r a t i o n  ( I I )  (2 t i m e s )  and t h e  o t h e r  on t h e  c o t t o n  s e e d  h u l l s  r a t i o n  
( I I I ) . They w e n t  o f f  f e e d  f o r  one day  and t h e n  came b a c k  on f u l l  f e e d  
w i t h o u t  n eed  o f  t r e a t m e n t .
I t  a p p e a r s  from t h e  o b s e r v a t i o n s  o f  t h i s  s t u d y  t h a t  t h e  h o u s i n g  
s y s t e m  was m a i n l y  r e s p o n s i b l e  f o r  m o s t  o f  t h e  h e a l t h  p ro b le m s  e n c o u n t e r e d  
i n  t h i s  s t u d y  s i n c e  t h e  a n i m a l s  had  t o  be s t a n c h i o n e d  m o s t  o f  t h e  t im e  
on bedded  c o n c r e t e  f l o o r s .
Most  o f  t h e  cows moved s l o w l y  and showed s i g n s  o f  l a z i n e s s  when 
t a k e n  t o  t h e  m i l k i n g  p a r l o r ;  h o w e v e r ,  t h e y  w ere  v e r y  a c t i v e  when t u r n e d  
o u t  f o r  e x e r c i s i n g  e v e r y  day .
These  o b s e r v a t i o n s  a g r e e ,  i n  g e n e r a l ,  w i t h  t h o s e  made by R a n d e l  
( 8 4 ) ,  Adams ( 2 ) ,  and B e r n e t t  e t  a l .  ( 9 ) ,  who r e p o r t e d  a l l e r g i c  s w e l l i n g s ,  
l a m e n e s s ,  s t i f f n e s s  o f  t h e  j o i n t s ,  e t c . ,  when t h e  cows w ere  f e d  c o m p le t e  
f e e d s  f o r  c o n t i n u o u s  p e r i o d s  o f  t i m e .
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W h e th e r  o r  n o t  t h e  r a t i o n s  w ere  r e s p o n s i b l e  f o r  t h e  p r o b l e m s  e n ­
c o u n t e r e d  c a n n o t  be d e f i n i t e l y  a s s e r t e d ;  h o w e v e r ,  more  i n f o r m a t i o n  on 
t h i s  s u b j e c t  i s  n e e d e d  b e f o r e  a c o n c r e t e  a n s w e r  c a n  be a t t a i n e d .
I n p u t - O u t p u t  R e l a t i o n s h i p
G r o s s  E n e rg y  I n t a k e
A p p e n d ix  T a b l e  27a  shows t h e  a v e r a g e  d a i l y  g r o s s  e n e r g y  i n t a k e  by 
p e r i o d s  o f  t h e  f o u r  e x p e r i m e n t a l  g r o u p s .
The mean d a i l y  g r o s s  e n e r g y  i n t a k e  (T he rm s)  f o r  t h e  cows on t h e  
f o u r  r a t i o n s  w e r e :  ( I )  8 6 . 9 5 ;  ( I I )  9 2 . 2 ;  ( I I I )  1 0 4 . 0 4 ;  and  ( IV a )  8 7 . 6 8 .
R a t i o n  I I I  h a d  t h e  g r e a t e s t  g r o s s  e n e r g y  i n t a k e  a s  e x p e c t e d ,  s i n c e  t h e  
cows on t h i s  r a t i o n  a l s o  consumed t h e  g r e a t e s t  d a i l y  f e e d  i n t a k e  ( T a b l e  
9 ) .  When c o m p a r i n g  t h e  i n i t i a l  g r o s s  e n e r g y  c o n s u m p t i o n  o f  t h e  f o u r  
g r o u p s  ( d e t e r m i n e d  d u r i n g  t h e i r  p r e l i m i n a r y  p e r i o d )  w i t h  t h e  a v e r a g e  g r o s s  
e n e r g y  i n t a k e  f o r  t h e  e n t i r e  e x p e r i m e n t a l  s t u d y ,  i t  c a n  be o b s e r v e d  t h a t  
w i t h  t h e  e x c e p t i o n  o f  g r o u p  I I I ,  a l l  t h e  g r o u p s  h a d  v e r y  c l o s e  e n e r g y  
i n t a k e s .  Group I I I  consumed c o n s i d e r a b l y  more  e n e r g y  f rom t h e  v e r y  f i r s t  
t i m e  t h e y  w ere  p l a c e d  on  t h e i r  c o m p l e t e  f e e d .  T h i s  g r o u p  o f  a n i m a l s  c o n ­
sumed o n l y  8 1 . 9  Therms p e r  day  d u r i n g  t h e  p r e l i m i n a r y  p e r i o d .  At t h e  end 
o f  t h e  f i r s t  p e r i o d ,  t h e i r  c o n s u m p t i o n  h a d  i n c r e a s e d  t o  1 1 4 .5  Therm s .
I t  a p p e a r s  f rom t h e s e  r e s u l t s  t h a t  t h e  h i g h  l e v e l  o f  g r o s s  e n e r g y  
i n t a k e  o f  t h e  g r o u p  f e d  on r a t i o n  I I I  was p r o b a b l y  due t o  t h e  p o o r  q u a l ­
i t y  r o u g h a g e  w h ic h  r e s u l t e d  i n  a l a r g e  r u m i n a l  f i l l .  T h i s ,  i n  t u r n ,  r e ­
s u l t e d  i n  an  i n c r e a s e d  p a s s a g e  r a t e  o f  t h e  more  d i g e s t i b l e  p a r t  o f  t h e  
r a t i o n .  T h i s  h y p o t h e s i s  i s  b a s e d  on t h e  h i g h  c a l o r i c  v a l u e  o f  t h e  f e c e s
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v o i d e d  by t h e  a n i m a l s  f e d  th e  c o t t o n  s e e d  h u l l s  r a t i o n .  S i m i l a r  o b s e r ­
v a t i o n s  w ere  r e p o r t e d  by B l a x t e r  a_l. ( 1 1 ) ,  and Moe e t  ( 6 6 ) .
The g r o s s  c a l o r i c  i n t a k e s  by t h e  cows i n  t h i s  e x p e r i m e n t  a r e  
above  t h o s e  r e p o r t e d  by F l a t t  (24 )  w i t h  a v e r a g e  p r o d u c i n g  cows.
D i g e s t i b l e  E n e rg y  I n t a k e
A p p en d ix  T a b l e  28a p r e s e n t s  t h e  a v e r a g e  d a i l y  DE i n t a k e  by p e r i o d s  
o f  t h e  f o u r  e x p e r i m e n t a l  g r o u p s .
The mean d a i l y  DE i n t a k e  f o r  t h e  f o u r  g r o u p s  w e r e :  ( I )  6 4 .1 1
Therms;  ( I I )  6 5 .3 9  Therm s ;  ( I I I )  6 3 . 7 2  Therm s;  and ( IVa)  5 8 .4 5  Therms 
( T a b l e  9 ) .  Cows on r a t i o n s  I ,  I I ,  and I I I  had  v e r y  s i m i l a r  DE i n t a k e s ,  
w h i l e  t h o s e  on r a t i o n  IVa had  t h e  l o w e s t  v a l u e .
When c o m p a r in g  t h e  r e s u l t s  o b t a i n e d  i n  t h e  p r e s e n t  s t u d y  w i t h
t h o s e  o f  o t h e r  w o r k e r s  ( 3 2 ,  9 6 ) ,  a n i m a l s  on t h e  c o m p l e t e  f e e d s  had  s l i g h t l y  
h i g h e r  DE i n t a k e s  t h a n  cows f e d  on c o n v e n t i o n a l  r a t i o n s .
G ro s s  Feed  E f f i c i e n c y  f o r  M i lk  P r o d u c t i o n
G ro ss  f e e d  e f f i c i e n c y  was s t u d i e d  i n  f o u r  w ays :  ( a )  kg TDN /  kg
o f  m i l k  p r o d u c e d ;  (b )  kg TDN /  kg o f  FCM; ( c )  Therms o f  g r o s s  e n e r g y  /  
kg FCM; and  (d)  Therms o f  DE /  kg  FCM. A p p e n d ix  T a b l e s  2 9 a ,  3 0 a ,  3 1 a ,  
and  32a p r e s e n t  t h e s e  f e e d  e f f i c i e n c i e s  by p e r i o d s  and A p p e n d ix  T a b l e s  
3 3 a ,  3 4 a ,  3 5 a ,  and 36a show t h e i r  s t a t i s t i c a l  a n a l y s e s  f o r  d i f f e r e n c e s  
among t h e  f o u r  t r e a t m e n t s  f o r  any  o f  t h e  o b s e r v a t i o n s .
The mean c o n v e r s i o n  v a l u e s  o f  t h e  f o u r  g r o u p s  f o r  kg TDN t o  kg 
m i l k ;  kg TDN t o  kg  FCM; Therms o f  g r o s s  e n e r g y  t o  kg FCM and  Therms o f  DE
t o  kg o f  FCM w e r e :  ( I )  . 5 6 ,  . 6 8 ,  3 . 9 9 ,  2 . 9 3 ;  ( I I )  . 5 0 ,  . 6 3 ,  4 . 0 3 ,  2 . 8 4 ;
( I I I )  . 6 3 ,  . 7 8 ,  5 . 4 7 ,  3 . 3 7 ;  and  ( IV a)  . 6 9 ,  . 7 8 ,  5 . 3 7 ,  3 . 5 7 ,  r e s p e c t i v e l y  
( T a b l e  9 ) .
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The s i m i l a r i t y  o f  c o n v e r s i o n  v a l u e s  f o r  r a t i o n s  I  and I I  s u g g e s t s  
t h a t  t h e  c o m p l e t e  f e e d  m i x t u r e  was s a t i s f a c t o r y  f o r  m a i n t a i n i n g  good 
m i l k  p r o d u c t i o n  w i t h o u t  s a c r i f i c i n g  f e e d  e f f i c i e n c y .  The c o n t r o l  cows,  
e v e n  th ough  t h e y  were  f e d  ad l i b i t u m  g r a i n  and r o u g h a g e ,  m a i n t a i n e d  a 
f e e d  i n t a k e  and  g r o s s  f e e d  e f f i c i e n c y  v e r y  s i m i l a r  t o  t h e i r  c o u n t e r p a r t s  
f e d  th e  c o m p l e t e  m i x t u r e .  Thurmon (102)  r e p o r t e d  i n  h i s  s t u d y  t h a t  t h e  
g ro u p  o f  cows f e d  g r a i n  and hay  ad l i b i t u m  w ere  l e s s  e f f i c i e n t  i n  c o n v e r t ­
in g  TDN t o  FCM t h a n  t h e  g r o u p  fed  t h e  c o m p l e t e  f e e d  m i x t u r e .
The v a l u e s  o b t a i n e d  i n  t h e  p r e s e n t  s t u d y  a r e  s i m i l a r  t o  t h o s e  r e ­
p o r t e d  by o t h e r  a u t h o r s  ( 7 ,  16,  55 ,  1 0 2 ) .  I t  h a s  been  p o s t u l a t e d  by 
Thurmon (102)  t h a t  t h e  m i x i n g  o f  chopped  h a y  w i t h  c o n c e n t r a t e s  may r e s u l t  
i n  b e t t e r  f e e d  u t i l i z a t i o n  t h a n  t h e  f e e d i n g  o f  l o n g  h a y  and  c o n c e n t r a t e s  
i n  a s e p a r a t e  fo rm;  h o w e v e r ,  u n d e r  t h e  c o n d i t i o n s  o f  t h i s  e x p e r i m e n t ,  i t  
a p p e a r s  t h a t  t h e  c o n t r o l  r a t i o n  was more  e f f i c i e n t  i n  f e e d  u t i l i z a t i o n  t h a n  
th e  c o m p l e t e  f e e d  m i x t u r e s ,  w i t h  t h e  e x c e p t i o n  o f  r a t i o n  I I .
M i lk  P r o d u c t i o n  R e q u i r e m e n t s
M i lk  r e q u i r e m e n t s ,  a s  u s e d  i n  t h i s  s t u d y ,  w ere  d e f i n e d  a s  t h e  Therms 
o f  DE o r  kg  o f  TDN n e c e s s a r y  t o  p r o d u c e  one kg o f  FCM a f t e r  t h e  m a i n ­
t e n a n c e  r e q u i r e m e n t s  had  b e e n  d e d u c t e d .  T hese  c o n v e r s i o n  c o e f f i c i e n t s ,  
i n  e s s e n c e ,  r e p r e s e n t  t h e  a c t u a l  e n e r g y  r e q u i r e m e n t s  f o r  m i l k  p r o d u c t i o n  
u n d e r  t h e  c o n d i t i o n s  o f  t h i s  e x p e r i m e n t .
I n  o r d e r  t o  a s c e r t a i n  t h e  m a i n t e n a n c e  r e q u i r e m e n t s  a s  a c c u r a t e l y  
a s  p o s s i b l e ,  t h e  r e q u i r e m e n t s  w ere  c a l c u l a t e d  a t  t h e  end o f  e a c h  p e r i o d  
f o r  e a c h  o f  t h e  s i x f e e n  cows used  i n  t h i s  s t u d y .  E ne rg y  r e q u i r e m e n t s  f o r  
p r e g n a n c y  were  t a k e n  i n t o  a c c o u n t  f o r  t h o s e  a n i m a l s  t h a t  were  p r e g n a n t .
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C o n v e r s i o n  o f  (TDN - M a i n t e n a n c e ) t o  FCM.
(M i lk  E f f i c i e n c y )
A p p e n d ix  T a b l e  37a  g i v e s  t h e  c o n v e r s i o n  v a l u e s ,  by p e r i o d s ,  o b ­
t a i n e d  f o r  t h e  f o u r  e x p e r i m e n t a l  g r o u p s .  These  v a l u e s  w e r e :  ( I )  .51  k g ,
( I I )  .46  k g ,  ( I I I )  .58  k g ,  and ( IV a)  .5 2  k g .  No s t a t i s t i c a l l y  s i g n i f i ­
c a n t  d i f f e r e n c e s  w e re  o b t a i n e d  ( A p p e n d ix  T a b l e  3 8 a ) .
The ab o v e  c o n v e r s i o n  v a l u e s  a r e  s l i g h t l y  h i g h e r  t h a n  t h o s e  r e p o r t e d  
by R e id  (8 6 ,  8 7 ) .  The N a t i o n a l  R e s e a r c h  C o u n c i l  ( 7 1 )  and  M o r r i s o n ' s  f e e d ­
i n g  s t a n d a r d s  (69 )  p r e s c r i b e  a l l o w a n c e s  o f  0 . 3 1  t o  0 . 3 2  kg o f  TDN p e r  kg 
o f  FCM p r o d u c e d .
Jumah e_t aT .  ( 4 0 ) ,  Armsby ( 3 ) ,  and  M cC ul lough  ( 6 3 )  r e p o r t  v a l u e s  
o f  0 . 2 9  kg  o f  TDN p e r  kg  o f  FCM w h i l e  Moe ejt a_l. (66 )  f o u n d  a v a l u e  o f
0 . 3 5  kg o f  TDN p e r  kg  o f  FCM.
Thurmon ( 1 0 2 ) ,  a f t e r  d e t e r m i n i n g  t h e  r e q u i r e m e n t s  f o r  cows f e d  a 
c o m p l e t e  f e e d  m i x t u r e ,  r e p o r t e d  a c o n v e r s i o n  v a l u e  o f  0 . 4 0  f o r  t h e  com­
p l e t e  f e e d  m i x t u r e  and  0 . 6 0  f o r  t h e  cows f e d  ad  l i b i t u m  g r a i n  and r o u g h ­
a g e .  T h es e  v a l u e s  a r e  s i m i l a r  t o  t h o s e  o b t a i n e d  i n  t h e  p r e s e n t  s t u d y .
R e id  ( 8 6 ,  87) h a s  p o i n t e d  o u t  t h a t  a l m o s t  i n v a r i a b l y ,  i n c r e a s e s  i n  
m i l k  p r o d u c t i o n  r e s u l t  i n  d e c r e a s e d  e f f i c i e n c y  o f  f e e d  u t i l i z a t i o n .  I t
was o b s e r v e d  i n  t h e  p r e s e n t  s t u d y  t h a t  f e e d  e f f i c i e n c y  f o r  t h e  f o u r
t r e a t m e n t s  was l o w e s t  a t  t h e  b e g i n n i n g  o f  t h e  e x p e r i m e n t  when m i l k  p r o ­
d u c t i o n  was  a t  i t s  h i g h e s t  l e v e l ,  and  i n c r e a s e d  t h e r e a f t e r  a t  a  s t e a d y  
r a t e  a s  m i l k  p r o d u c t i o n  d e c r e a s e d .
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C o n v e r s i o n  o f  ( DE - M a i n t e n a n c e ) t o  FCM.
(N e t  F eed  E f f i c i e n c y )
The mean c o n v e r s i o n  v a l u e s  (Therm s)  f o r  t h e  f o u r  t r e a t m e n t s  w e r e :  
( I )  2 . 2 0 ,  ( I I )  2 . 1 5 ,  ( I I I )  2 . 5 0 ,  and ( IV a)  2 . 5 7 .  T h es e  v a l u e s  a r e  p r e ­
s e n t e d  i n  A p p e n d ix  T a b l e  39a .  T h e r e  w ere  no  s i g n i f i c a n t  d i f f e r e n c e s  i n  
t h e  means  o f  any  o f  t h e  f o u r  t r e a t m e n t s ,  a s  c a n  be o b s e r v e d  f ro m  t h e  s t a ­
t i s t i c a l  a n a l y s i s  p r e s e n t e d  i n  T a b l e  4 0 a .  Cows on r a t i o n  I I  h a d  a t e n ­
d e n c y  t o  be t h e  m o s t  e f f i c i e n t  c o n v e r t e r s  and  t h o s e  on r a t i o n  I I I  w ere  
t h e  l e a s t  e f f i c i e n t  o f  t h e  f o u r  g r o u p s .
G ro u p s  I  and  IVa h a d  e s s e n t i a l l y  t h e  same m i l k  e f f i c i e n c y  v a l u e s  
o f  TDN t o  FCM; h o w e v e r ,  c o m p a r i n g  t h e i r  e f f i c i e n c i e s  i n  t e r m s  o f  DE, t h o s e  
two g r o u p s  w ere  c o m p l e t e l y  d i f f e r e n t .  Group I  was much more  e f f i c i e n t  
t h a n  g r o u p  IVa.  T h e s e  o b s e r v a t i o n s  c o r r o b o r a t e  t h e  f i n d i n g s  o f  s e v e r a l  
w o r k e r s  ( 1 ,  52 ,  77 ,  1 0 1 ) ,  who a d v o c a t e d  t h e  u s e  o f  DE a s  a  b e t t e r  m e a s u r e  
t o  d e t e r m i n e  t h e  n u t r i t i v e  v a l u e  o f  f e e d s t u f f s .  S i n c e  t h e  u s e  o f  DE made 
p o s s i b l e  t h e  d i f f e r e n t i a t i o n  i n  e f f i c i e n c y  o f  f e e d  u t i l i z a t i o n  b e tw e e n  t h e  
d i f f e r e n t  g r o u p s ,  t h i s  m e thod  a p p e a r s  t o  be a b e t t e r  s y s t e m  t o  d e t e r m i n e  
t h e  n u t r i t i v e  r e q u i r e m e n t s  o f  h i g h - p r o d u c i n g  d a i r y  cows .
E n e r g y  O u t p u t  f rom  M i lk
The a v e r a g e  d a i l y  e n e r g y  o u t p u t ,  by p e r i o d s ,  f o r  t h e  f o u r  e x p e r i ­
m e n t a l  g r o u p s  i s  f o u n d  i n  A p p e n d ix  T a b l e  4 1 a .  The v a l u e s  o b t a i n e d  w e re  
1 6 . 8 7  T h e rm s ,  1 7 .5 3  T h e rm s ,  1 5 . 6 1  T h e rm s ,  and  1 3 . 1 0  Therms f o r  g r o u p s  I ,  
I I ,  I I I ,  and  IV a ,  r e s p e c t i v e l y .  The g r o u p s  o f  cows f e d  a l f a l f a  h a y  ( I  
o r  I I )  h a d  t h e  h i g h e s t  e n e r g y  o u t p u t ,  w h i l e  cows f e d  t h e  n a t i v e  g r a s s  h a y  
c o m p l e t e  m i x t u r e  ( IV a )  h a d  t h e  l o w e s t  e n e r g y  o u t p u t .
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G e n e r a l  D i s c u s s  i o n
P r e v i o u s  s t u d i e s  c o n d u c t e d  w i t h  l a c t a t i n g  d a i r y  cows f e d  c o m p l e t e  
f e e d  m i x t u r e s  h a v e  i n d i c a t e d  s l i g h t  i n c r e a s e s  o r  no c h a n g e  i n  m i l k  p r o ­
d u c t i o n ,  and  no c h a n g e  o r  s l i g h t  d e c r e a s e s  i n  t h e  m i l k  f a t  p e r c e n t a g e  
when t h e  a n i m a l s  w e re  f e d  c o m p l e t e  f e e d s  w i t h  a 3 0 : 7 0  r o u g h a g e  t o  c o n ­
c e n t r a t e  r a t i o  ( 6 2 ,  67 ,  72 ,  7 3 ) .
Most  o f  t h e  r e s e a r c h  i n  t h i s  a r e a  h a s  b e e n  done  i n  s w i t c h b a c k  e x ­
p e r i m e n t s  o v e r  s h o r t  p e r i o d s  o f  t i m e .  The r e s u l t s  o f  t h e  p r e s e n t  s t u d y  
w h ic h  was  d e s i g n e d  t o  d e t e r m i n e  t h e  c o n t i n u o u s  f e e d i n g  o f  d i f f e r e n t  r o u g h ­
a g e s  i n  c o m p l e t e  f e e d s  t o  l a c t a t i n g  d a i r y  cows a r e  i n  g e n e r a l  a g r e e m e n t  
w i t h  t h o s e  o f  o t h e r  w o r k e r s  ( 6 2 ,  67 ,  7 2 ) .  Under  t h e  c o n d i t i o n s  o f  t h i s  
e x p e r i m e n t ,  t h e  d i f f e r e n c e s  i n  a v e r a g e  m i l k  p r o d u c t i o n ,  m i l k  c o n s t i t u e n t s ,  
and  e f f i c i e n c y  o f  f e e d  u t i l i z a t i o n  f o r  a l l  t h e  r a t i o n s  w ere  n o t  s t a t i s ­
t i c a l l y  s i g n i f i c a n t .  I t  m u s t  be p o i n t e d  o u t ,  h o w e v e r ,  t h a t  t h e s e  r e s u l t s  
w e re  o b t a i n e d  w i t h  a l i m i t e d  number  o f  a n i m a l s  p e r  t r e a t m e n t ,  and t h i s  
f a c t  a l o n e  p l a c e s  a l i m i t a t i o n  on t h e  s e n s i t i v e n e s s  f o r  d e t e c t i n g  d i f f e r ­
e n c e s  .
S e v e r a l  t r e n d s  seemed c l e a r  i n  t h i s  s t u d y :
( a )  t h e  a n i m a l s  f e d  t h e  g r a i n  and  r o u g h a g e  ( I )  ad l i b i t u m  and  
t h o s e  f e d  t h e  same f e e d  i n  a c o m p l e t e  f e e d  ( I I )  p e r f o r m e d  i n  a  v e r y  s i m i ­
l a r  m a nne r  when c r i t e r i a  s u c h  a s  f e e d  i n t a k e ,  d i g e s t i b i l i t y  o f  t h e  r a t i o n s ,  
TDN i n t a k e ,  m i l k  p r o d u c t i o n ,  m i l k  c o n s t i t u e n t s ,  and f e e d  u t i l i z a t i o n  w ere  
u s e d  t o  e v a l u a t e  t h e i r  p e r f o r m a n c e .  The a n i m a l s  f e d  t h e  c o m p l e t e  f e e d  ( I I )  
a p p e a r e d  more  e f f i c i e n t  t h a n  t h e i r  c o u n t e r p a r t s  f e d  t h e  c o n t r o l  r a t i o n .
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(b )  A n im a ls  f ed  t h e  g r a i n  and ro u g h a g e  ad l i b i t u m  b a l a n c e d  
t h e i r  r o u g h a g e : g r a i n  i n t a k e  a t  a b o u t  t h e  same r a t i o  a s  t h e  a n i m a l s  f ed
t h e  f i x e d  3 0 : 7 0  ro u g h a g e  t o  g r a i n  r a t i o .
( c )  The g r o u p  f e d  t h e  r a t i o n  c o n t a i n i n g  c o t t o n  s e e d  h u l l s  ( I I I )  
h a d  a h i g h e r  f e e d  and  e n e r g y  c o n s u m p t io n  and  lo w e r  o v e r - a l l  p e r f o r m a n c e  
t h a n  any o f  t h e  g r o u p s  on t h e  o t h e r  t h r e e  r a t i o n s .
(d )  A n im a ls  f e d  t h e  c o m p l e t e  f e e d  m i x t u r e  w i t h  a l f a l f a  showed
b e t t e r  g r o s s  f e e d  e f f i c i e n c y  t h a n  any  o f  t h e  o t h e r  t h r e e  g r o u p s ,
( e )  The r e q u i r e m e n t s  f o r  m i l k  p r o d u c t i o n  o b t a i n e d  i n  t h i s  e x p e r i ­
m en t  a r e  s l i g h t l y  h i g h e r  t h a n  t h o s e  r e p o r t e d  by o t h e r  w o r k e r s  ( 6 6 ,  8 6 ,  88) 
and  o f  t h e  same m a g n i t u d e  o f  t h o s e  r e p o r t e d  by Thurmon (102 )  when t h e  
a n i m a l s  w ere  f e d  a c o m p l e t e  f e e d .  T h i s  wou ld  s u g g e s t  t h a t  h i g h - p r o d u c i n g  
d a i r y  cows f e d  on c o m p l e t e  f e e d  m i x t u r e s  may be l e s s  e f f i c i e n t  i n  u t i l i z ­
i n g  t h e i r  e n e r g y  i n t a k e  f o r  m i l k  p r o d u c t i o n .
( f )  The use  o f  DE i n  d e t e r m i n i n g  t h e  m i l k  p r o d u c t i o n  r e q u i r e m e n t s  
o f  l a c t a t i n g  d a i r y  cows a p p e a r s  t o  be more  u s e f u l  t h a n  t h e  now commonly 
u s e d  TDN m e th o d .
I t  a p p e a r s  t h a t  c o m p l e t e  f e e d  m i x t u r e s  f o r  l a c t a t i n g  d a i r y  cows 
a r e  p r o m i s i n g  f o r  t h o s e  a n i m a l s  w i t h  a h i g h  i n h e r e n t  c a p a c i t y  t o  p r o d u c e .  
A n im a ls  w i t h  l o w - p r o d u c i n g  c a p a c i t y  c h a n n e l  t h e i r  e x c e s s  e n e r g y  i n t a k e  
i n t o  a d i p o s e  t i s s u e .  W h e th e r  t h i s  l i p o g e n i c  p r o c e s s  i s  more  economic  
d u r i n g  l a c t a t i o n  t h a n  a t  o t h e r  t i m e s  when cows a r e  d r y ,  i s  n o t  c e r t a i n ^  _ 
S e v e r a l  i n v e s t i g a t o r s  ( 4 ,  26) h a v e  c o n d u c t e d  s t u d i e s  w i t h  o t h e r  s p e c i e s  
o f  r u m i n a n t s  w h ich  i n d i c a t e  t h a t  l i p o g e n e s i s  d u r i n g  l a c t a t i o n  i s  more  e c o ­
n o m i c a l  t h a n  d u r i n g  t h e  d r y  p e r i o d s .
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The f a c t  t h a t  t h e  m a j o r i t y  o f  t h e  a n i m a l s  u s e d  i n  t h i s  s t u d y  w ere  
h i g h  p r o d u c e r s  ( a b o v e  35 kg  a t  t h e i r  p e a k  o f  l a c t a t i o n ) , and t h e  f a c t  
t h a t  t h e  c o m p l e t e  f e e d s  m a i n t a i n e d  h i g h  l e v e l s  o f  p r o d u c t i o n  w i t h o u t  a p ­
p a r e n t  a b n o r m a l  e f f e c t  on f e e d  i n t a k e  and  f e e d  e f f i c i e n c y  s u g g e s t s  t h a t  
t h i s  c o n c e p t  o f  f e e d i n g  d a i r y  c a t t l e  l o o k s  p r o m i s i n g  a n d  d e s e r v e s  f u r t h e r  
s t u d y .
The h e a l t h  p r o b l e m s  e n c o u n t e r e d  i n  t h e  p r e s e n t  s t u d y  a r e  somewhat  
i n  a g r e e m e n t  w i t h  m o s t  o t h e r  r e p o r t s  ( 2 ,  8 4 ,  109) o f  f e e d i n g  c o m p l e t e  
f e e d s  f o r  a  c o n t i n u o u s  p e r i o d  o f  t i m e .  T h e s e  h e a l t h  p r o b l e m s  i n  t h e  p r e ­
s e n t  s t u d y  may be t h e  r e s u l t  o f  h a v i n g  t h e  a n i m a l s  c o n f i n e d  t o  t h e i r  
s t a l l s  f o r  p r o l o n g e d  p e r i o d s  o f  t i m e  w h ic h  d i s r u p t s  t h e i r  n a t u r a l  h a b i t s .
SUMMARY AND CONCLUSIONS
To d e t e r m i n e  t h e  e f f e c t  o f  f e e d i n g  c o m p l e t e  f e e d  m i x t u r e s  c o n ­
t a i n i n g  d i f f e r e n t  s o u r c e s  o f  r o u g h a g e  t o  l a c t a t i n g  d a i r y  cows was t h e  
p r i m a r y  p u r p o s e  o f  t h i s  s t u d y .  The r o u g h a g e s  u s e d  (307, l e v e l  i n  t h e  
r a t i o n )  w ere  t h e  f o l l o w i n g :  a l f a l f a  h a y  l o n g  and  f e d  s e p a r a t e l y  from
t h e  c o n c e n t r a t e ;  a l f a l f a  h a y  ch o p p ed  t o  2 . 5  cm; c o t t o n  s e e d  h u l l s  and 
n a t i v e  g r a s s  h a y .  The c r i t e r i a  u s e d  t o  d e t e r m i n e  t h e  e f f e c t  o f  t h e s e  
r a t i o n s  w e r e :  ( a )  d i g e s t i b i l i t y  o f  t h e  r a t i o n s ,  (b )  f e e d ,  TDN and  d i ­
g e s t i b l e  e n e r g y  (DE) i n t a k e ,  ( c )  m i l k  and  47, FCM p r o d u c t i o n ,  ( d )  f a t ,  
p r o t e i n  and s o l i d s - n o t - f a t  (SNF) p e r c e n t a g e s ,  ( e )  body w e i g h t  c h a n g e s ,
( f )  h e a l t h  o f  t h e  a n i m a l s ,  (g )  g r o s s  e n e r g y  i n t a k e ,  (h )  c o n v e r s i o n  o f  
TDN, g r o s s  e n e r g y  and  DE t o  FCM, and  ( i )  TDN and  DE r e q u i r e m e n t s  f o r  
m i l k  p r o d u c t i o n .
D i g e s t i b i l i t y  o f  t h e  R a t i o n s
The d i g e s t i b i l i t y  o f  t h e  r a t i o n s  was c o n d u c t e d  u t i l i z i n g  e i g h t  
m a t u r e  w e t h e r s  a s s i g n e d  t o  two s q u a r e s  o f  a  4 x 4 L a t i n  s q u a r e  d e s i g n .  
T h e r e  w e re  h i g h l y  s i g n i f i c a n t  (P ' ^ . 0 5 )  d i f f e r e n c e s  i n  t h e  f e e d  i n t a k e  
and  TDN i n t a k e  by t h e  s h e e p  i n  t h e  f o u r  e x p e r i m e n t a l  r a t i o n s ,  w i t h  t h e  
a n i m a l s  on c o t t o n s e e d  h u l l s  c o n s u m in g  more  f e e d  t h a n  any  o t h e r  g r o u p .  
No d i f f e r e n c e s  i n  DE c o n t e n t  o f  t h e  r a t i o n s  w e re  e n c o u n t e r e d .  The 
c a l c u l a t e d  TDN v a l u e s ,  u s i n g  M o r r i s o n ' s  t a b l e s ,  o v e r e s t i m a t e d  t h e  d e ­
t e r m i n e d  TDN v a l u e s  c o n s i d e r a b l y ,  e s p e c i a l l y  t h o s e  o f  t h e  r a t i o n s
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c o n t a i n i n g  l o w - q u a l i t y  r o u g h a g e s .  T h e re  was  a d i r e c t  r e l a t i o n s h i p  b e ­
tw e e n  c e l l u l o s e  d i g e s t i b i l i t y  and  c r u d e  f i b e r  d i g e s t i b i l i t y .
F e e d , TDN, and  DE I n t a k e
T h e r e  w e re  s i g n i f i c a n t  ( P ^ ^ . 0 5 )  d i f f e r e n c e s  i n  t h e  d a i l y  f e e d  i n ­
t a k e  o f  t h e  cow s,  b u t  n o t  i n  TDN and DE i n t a k e s .  The g r o u p  f e d  c o t t o n  
s e e d  h u l l s  consumed c o n s i d e r a b l y  more  f e e d ,  TDN and  DE, t h a n  a n y  o f  t h e  
o t h e r  t h r e e  g r o u p s .  T h i s  may h a v e  b e e n  due t o  a  f a s t e r  p a s s a g e  r a t e  o f  
u n d i g e s t e d  m a t e r i a l  t h r o u g h  t h e  t r a c t ,  a s  e v i d e n c e d  by t h e  h i g h e r  e n e r g y  
c o n t e n t  o f  t h e  f e c a l  m a t e r i a l  f o r  t h i s  g r o u p .  The two g r o u p s  f e d  a l f a l f a  
h a y  r e s p o n d e d  v e r y  s i m i l a r l y  i n  a l l  t h e s e  c r i t e r i a ,  s u g g e s t i n g  t h a t  t h e  
p h y s i c a l  s t a t e  o f  t h e  r o u g h a g e  and  m anner  o f  f e e d i n g  d i d  n o t  h a v e  any  
e f f e c t  on t h e  u t i l i z a t i o n  o f  f e e d .
Mi l k  and FCM
T h e r e  w ere  no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  mean 
d a i l y  m i l k  and  FCM p r o d u c t i o n  o f  t h e  f o u r  e x p e r i m e n t a l  g r o u p s ;  h o w e v e r ,  
a l l  g r o u p s  d i d  n o t  p r o d u c e  a t  t h e  same l e v e l .  The c o n t r o l  g r o u p  ( I )  and 
a l f a l f a  h a y  c o m p l e t e  m i x t u r e  g r o u p  ( I I )  r e s p o n d e d  s i m i l a r l y .  The c o t t o n  
s e e d  h u l l s  r a t i o n  ( I I I )  p r o d u c e d  t h e  m o s t  p e r s i s t e n t  l a c t a t i o n  c u r v e .
The g r o u p  f e d  t h e  n a t i v e  g r a s s  h a y  ( IV a )  was t h e  l e a s t  p e r s i s t e n t  and  
t h e  l o w e s t  o v e r - a l l  p r o d u c e r .  C o m p le te  f e e d  m i x t u r e s  m a i n t a i n e d  s a t i s ­
f a c t o r y  m i l k  p r o d u c t i o n  when co m pared  t o  t h e  c o n t r o l  ( ad  l i b i t u m  r o u g h a g e  
and  h a y  f e d  s e p a r a t e l y ) .
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M ilk  C o n s t i t u e n t s
No s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  m i l k  f a t  p e r c e n t a g e  f o r  any  o f  
t h e  f o u r  t r e a t m e n t s  w e r e  o b s e r v e d .  R a t i o n s  I  a n d  I I I  f a i l e d  t o  m a i n t a i n  
t h e  p r e - t r i a l  f a t  t e s t  p e r c e n t a g e ,  w h e r e a s ,  r a t i o n s  I I  and  IVa showed a 
s l i g h t  i n c r e a s e .  No s i g n i f i c a n t  d i f f e r e n c e s  w ere  f o u n d  i n  t h e  p r o t e i n  
p e r c e n t a g e  o f  t h e  m i l k  p r o d u c e d  by a n y  o f  t h e  f o u r  g r o u p s ;  h o w e v e r ,  t h e r e  
was a s i g n i f i c a n t  ( P ^ ^ . 0 5 )  i n c r e a s e  i n  t h e  s o l i d s - n o t - f a t  (SNF) p e r c e n t ­
a g e  f o r  m i l k  p r o d u c e d  on  r a t i o n  IVa ( n a t i v e  g r a s s  h a y ) . T h e r e  a p p e a r s  t o  
be a d i r e c t  r e l a t i o n s h i p  b e t w e e n  t h e  p r o t e i n  c o n t e n t  a n d  t h e  SNF c o n t e n t  
o f  t h e  m i l k  p r o d u c e d  by t h e  f o u r  e x p e r i m e n t a l  g r o u p s ,  h i g h  p r o t e i n  p e r ­
c e n t a g e  b e i n g  a s s o c i a t e d  w i t h  h i g h  SNF p e r c e n t a g e ,  and  v i c e  v e r s a .
Change  i n  Body W eigh t
No s i g n i f i c a n t  v a r i a t i o n s  i n  t h e  body w e i g h t  c h a n g e s  o f  t h e  f o u r  
g r o u p s  w ere  n o t e d .  Cows f e d  r a t i o n  I I I  h a d  t h e  g r e a t e s t  d a i l y  g a i n s ,  
and  r a t i o n  IVa t h e  s m a l l e s t ,  w h i l e  r a t i o n s  I  and  I I  showed s i m i l a r  body 
g a i n s .  Most  body w e i g h t  g a i n s  w ere  o b s e r v e d  a t  t h e  o n s e t  o f  t h e  e x p e r i ­
m e n t ,  a n d  g a i n s  made t h e r e a f t e r  w ere  r e l a t i v e l y  s m a l l .  T h i s  may h a v e  
b e e n  due  t o  a n  e n e r g y  r e p l e n i s h i n g  phenomenon w i t h  t h e  a n i m a l s  t r y i n g  t o  
r e c u p e r a t e  body  e n e r g y  s t o r e s  l o s t  d u r i n g  c a l v i n g  and  a t  t h e i r  p e a k  o f  
l c a t a t i o n .
H e a l t h  o f  t h e  A n im a ls
Some h e a l t h  p r o b l e m s  w e re  e n c o u n t e r e d  i n  t h i s  s t u d y ;  among t h e  m os t  
p e r s i s t e n t  and  a n n o y i n g  w e r e :  ( a )  f o o t  r o t ,  (b )  s t i f f n e s s  o f  t h e  j o i n t s ,
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( c )  m a s t i t i s .  One c a s e  o f  b l o a t i n g  and  t h r e e  c a s e s  o f  cows g o i n g  o f f  
f e e d  were  a l s o  o b s e r v e d .
G ro s s  E n e rg y  I n t a k e
The g r o u p  o f  cows f e d  t h e  c o t t o n  s e e d  h u l l s  r a t i o n  ( I I I  showed th e  
h i g h e s t  g r o s s  e n e r g y  i n t a k e  w h i l e  g r o u p s  I  and  I I  had  s i m i l a r  c a l o r i c  c o n ­
s u m p t i o n ,  and r a t i o n  IVa,  t h e  l o w e s t  i n t a k e .  These  d i f f e r e n c e s  w ere  o f  
l i t t l e  i m p o r t a n c e .
E n e rg y  C o n v e r s i o n s
The c o n v e r s i o n  o f  TDN, g r o s s  e n e r g y  and  d i g e s t i b l e  e n e r g y  (DE) 
t o  FCM w e re  i n  f a v o r  o f  t h e  a l f a l f a - f e d  g r o u p s ,  r e g a r d l e s s  o f  t h e  fo rm o f  
f e e d i n g .  The g r o u p  o f  cows f e d  t h e  c o t t o n  s e e d  h u l l s  ( I I I )  and n a t i v e  
g r a s s  hay  ( IV a)  r a t i o n s  had  v e r y  s i m i l a r  c o n v e r s i o n  c o e f f i c i e n t s .  T he re  
w ere  no p r i m a r y  d i f f e r e n c e s  among t h e  f o u r  t r e a t m e n t s .
M i lk  R e q u i r e m e n t s
The e n e r g y  r e q u i r e m e n t s  r e p o r t e d  i n  t h e  l i t e r a t u r e  f o r  m i l k  p r o d u c ­
t i o n  a r e  s m a l l e r  t h a n  t h o s e  found  i n  th e  p r e s e n t  s t u d y ;  h o w e v e r ,  m o s t  o f  
t h e s e  r e p o r t s  h a v e  b e e n  c o n d u c t e d  w i t h  s t a n d a r d  f e e d i n g  s y s t e m s .  I n ­
f o r m a t i o n  on e n e r g y  r e q u i r e m e n t s  f o r  cows on c o m p l e t e  f e e d  i s  m e a g e r ,  
b u t  i t  a p p e a r s  t h a t  cows f ed  i n  t h i s  s y s t e m  h a v e  h i g h e r  r e q u i r e m e n t s  
t h a n  t h o s e  r e p o r t e d .  The u s e  o f  DE i n  p l a c e  o f  TDN t o  d e t e r m i n e  e n e r g y  
r e q u i r e m e n t s  o f  m i l k  p r o d u c t i o n  a p p e a r s  t o  be more  e x a c t i n g .
C o n e l u s  i o n s
From t h e  r e s u l t s  o f  t h e  p r e s e n t  s t u d y ,  t h e  f o l l o w i n g  c o n c l u s i o n s  
may be d rawn:
A l f a l f a  h a y ,  c o t t o n  s e e d  h u l l s  and  n a t i v e  g r a s s  hay  a r e  good s o u r ­
c e s  o f  r o u g h a g e  f o r  r u m i n a n t s  when f e d  i n  a c o m p l e t e  f e e d  m i x t u r e .
Ad l i b i t u m  f e e d i n g  o f  c o n c e n t r a t e  and  r o u g h a g e  s e p a r a t e l y  o r  i n  
a  c o m p l e t e  f e e d  d o e s  n o t  a f f e c t  t h e  d i g e s t i b i l i t y ,  f e e d  c o n s u m p t i o n  o r  
f e e d  u t i l i z a t i o n .  A n im a ls  f e d  c o m p le t e  f e e d s  c o n t a i n i n g  c o t t o n  s e e d  h u l l s  
consumed  more  o f  t h i s  f e e d  t h a n  c o m p l e t e  r a t i o n s  c o n t a i n i n g  a l f a l f a  o r  
n a t i v e  g r a s s  h a y .
C o t t o n  s e e d  h u l l s  and n a t i v e  g r a s s  h a y ,  when f e d  i n  a c o m p le t e  
f e e d  a t  a r o u g h a g e  t o  c o n c e n t r a t e  r a t i o  o f  3 0 : 7 0  have  a p p r o x i m a t e l y  t h e  
same n u t r i t i v e  v a l u e  f o r  m i l k  p r o d u c t i o n  and a r e  s l i g h t l y  i n f e r i o r  t o  
a l f a l f a  h a y  ( l o n g )  f e d  ad l i b i t u m  w i t h  c o n c e n t r a t e s  o r  a l f a l f a  ( 2 . 5  cm) 
i n  a c o m p l e t e  f e e d .
The e n e r g y  r e q u i r e m e n t s  f o r  m i l k  p r o d u c t i o n  i n c r e a s e s  w i t h  i n ­
c r e a s i n g  m i l k  o u t p u t s .  A n im a ls  f e d  c o m p l e t e  f e e d s  c o n t a i n i n g  low q u a l i t y  
r o u g h a g e s  h a v e  h i g h e r  e n e r g y  r e q u i r e m e n t s  f o r  m i l k  p r o d u c t i o n .
The f e e d i n g  o f  h i g h  e n e r g y  r a t i o n s  i n  t h e  fo rm of  c o m p l e t e  f e e d s  
t o  l a c t a t i n g  d a i r y  cows s t a n c h i o n e d  f o r  p r o l o n g e d  p e r i o d s  may r e s u l t  i n  
s e r i o u s  h e a l t h  p r o b l e m s ,  e s p e c i a l l y  f o o t  r o t  o r  s t i f f n e s s .
H i g h - p r o d u c i n g  d a i r y  cows seem t o  r e s p o n d  more f a v o r a b l y  t o  t h e  
f e e d i n g  o f  c o m p l e t e  f e e d s  t h a n  cows w i t h  low i n h e r e n t  p o t e n t i a l  c a p a c i t y  
f o r  p r o d u c t i o n .
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More i n f o r m a t i o n  i s  n e e d e d  on c o m p l e t e  f e e d s  w i t h  r e s p e c t  t o  f e e d ­
i n g  s y s t e m s  ( g r o u p  v s .  i n d i v i d u a l ) ;  management  ( l o o s e  v s .  s t a n c h i o n e d ) ;  
h e a l t h  p r o b le m s  (due  t o  r a t i o n  o r  t o  h o u s i n g ) ;  r a t i o  o f  r o u g h a g e  t o  c o n ­












A c h a c o s o ,  A n t o n i o  S o l i s .  1962 .  N u t r i t i o n a l  E v a l u a t i o n  of  
P e r m a n e n t  P a s t u r e s  W i th  D a i r y  C a t t l e  i n  L o u i s i a n a .  A 
D i s s e r t a t i o n .  L o u i s i a n a  S t a t e  U n i v e r s i t y  D e p a r t m e n t  of  
D a i r y  S c i e n c e .
Adams, R. S. 1967.  P e r s o n a l  C o i t m u n i c a t i o n .
Arm sby,  H. P.  1917.  The N u t r i t i o n  o f  Farm A n i m a l s .  The 
M c M i l l a n  Co.  New Y ork .
A r m s t r o n g ,  D. G. and B l a x t e r ,  K. L. 1965.  E f f e c t s  o f  
A c e t i c  and P r o p i o n i c  A c i d s  on E n e rg y  R e t e n t i o n  and 
M i l k  S e c r e t i o n  i n  G o a t s .  P r o c .  3 rd  Sympos. Energy  
M e t a b o l i s m .  T r o o n ,  S c o t l a n d ,  1964 .  E u r o p e a n  A s s o c i ­
a t i o n  o f  An im al  P r o d u c t i o n .  P u b l .  No. 1 1 : 5 9 .  A cadem ic  
P r e s s ,  London.
A s s o c i a t i o n  o f  O f f i c i a l  A g r i c u l t u r a l  C h e m i s t s .  1955.
O f f i c i a l  M ethods  o f  A n a l y s i s .  8 t h  e d . W a s h i n g t o n ,  D. C.
B a l c h ,  C. C. and C a m p l in g ,  R. C. 1962 .  R e g u l a t i o n  o f
V o l u n t a r y  Food I n t a k e  i n  R u m i n a n t s .  N u t r i t i o n  A b s t .  R e v s . ,  
3 2 : 6 6 9 .
B e l l ,  J .  W . , H o r t o n ,  0 .  H. and  S t a l l c u p ,  0.  T. 1963.
E f f e c t  o f  High V e r s u s  Normal C o n c e n t r a t e - R o u g h a g e  R a t i o s  
on D i g e s t i b i l i t y ,  M i l k  P r o d u c t i o n ,  and E f f i c i e n c y  o f  
P r o d u c t i o n .  J .  D a i r y  S c i . ,  4 6 : 6 2 3 .
Benz ,  J .  J . ,  O l s o n ,  H. H. and R eed ,  A. 1966.  S o u r c e  and 
L e v e l  o f  R o u g h ag es  i n  D a i r y  C o m p le te  F e e d s .  J .  A n im al  
S c i . ,  2 5 : 8 9 7 .
B e r n e t t ,  R. C. and O l s o n ,  H. H. 1963 .  Ad l i b i t u m  Vs.  
C o n t r o l l e d  F e e d i n g  o f  C o n c e n t r a t e s  t o  L a c t a t i n g  D a i r y  
Cows.  J .  D a i r y  S c i . ,  4 6 : 6 2 2 .
B i s h o p ,  S. E . ,  L o o s l i ,  J .  K . , T r i m b e r g e r ,  G. W . , and T u r k ,
K. L.  1963 .  E f f e c t s  o f  P e l l e t i n g  and V a r y i n g  G r a i n  
I n t a k e s  on M i lk  Y i e l d s  and C o m p o s i t i o n .  J .  D a i r y  S c i . ,













B l a x t e r ,  K. L . ,  Graham, N. McC.,  and Wainman,  F.  W. 1956.
Some O b s e r v a t i o n s  on t h e  D i g e s t i b i l i t y  of  Food by Sheep 
and on R e l a t e d  P r o b l e m s .  B r i t .  J .  N u t r i t i o n ,  1 0 :6 9 .
B l a x t e r ,  K. L . ,  Wainman,  F .  W. and W i l s o n ,  R. S. 1961.
The R e g u l a t i o n  o f  Food I n t a k e  by S heep .  Animal P r o d . ,
3 : 5 1 .
Bloom, S . ,  J a c o b s o n ,  N. L . ,  A l l e n ,  R. S . ,  M c G i l l i a r d ,  M. C . ,  
and H omeyer , P .  G. 1957 .  E f f e c t s  o f  V a r i o u s  Hay: C o n cen ­
t r a t e  R a t i o s  on N u t r i e n t  U t i l i z a t i o n  and P r o d u c t i o n  
R e s p o n s e s  of  D a i r y  Cows. I I .  O b s e r v a t i o n s  on R a t i o n  
D i g e s t i b i l i t y  and on t h e  E x c r e t i o n  P a t t e r n  o f  Chromic  
O x id e .  J .  D a i r y  S c i . ,  4 0 : 2 4 0 .
Bloom, S., J a c o b s o n ,  N. L . ,  M c G i l l i a r d ,  L. D . ,  Homeyer,  P.  G . ,  
and Heady,  E. 0 .  1957.  E f f e c t s  o f  V a r i o u s  H ay-Concen-
t r a t e  R a t i o s  on N u t r i e n t  U t i l i z a t i o n  and P r o d u c t i o n  
R e s p o n s e s  o f  D a i r y  Cows. I .  R e l a t i o n s h i p s  Among F e e d i n g  
L e v e l ,  P r e d i c t e d  P r o d u c i n g  A b i l i t y  and M i lk  P r o d u c t i o n .
J .  D a i r y  S c i . ,  4 0 : 8 1 .
Bowman, R.L., and H u b e r ,  T. H. 1965.  E f f e c t  of  a Low Hay,
High C o n c e n t r a t e  R a t i o n  on M i l k  Y i e l d s  and N u t r i e n t  
U t i l i z a t i o n .  J .  D a i r y  S c i . ,  4 8 : 7 9 8 .
Brown, L. D . , Thomas,  J .  W. Emery,  R. S . ,  M c G i l l i a r d ,  L. D . , 
A r m s t r o n g ,  D. V . ,  and C a s s i t e r ,  C. A. 1962.  E f f e c t  o f  
High L e v e l  G r a i n  F e e d i n g  on M i lk  P r o d u c t i o n  R e s p o n s e  of  
L a c t a t i n g  D a i r y  Cows. J .  D a i r y  S c i . ,  4 5 : 1 1 8 4 .
I
C a r r e r a ,  C. 1962.  C o n s e r v a c i o n  y M e j o r a m i e n t o  de  l o s
F o r r a j e s  en  l a  R e g i o n  Humeda d e l  G o l f o  de  M ex ico .  T r a b a j o  
s i n  P u b l i c a r .  P r e s e n t a d o  en  e l  I I  Symposium de  I n v e s t i -  
g a c i o n  A g r i c o l a .  C h a p in g o ,  Edo.  de  M ex ico .  E .N .A .  I . N . S . A .
C h a r r o n ,  E. C. 1961.  H ig h e r  TDN F e e d i n g  o f  D a i r y  Cows.
A p p l i e d  R e s e a r c h  D e p a r tm e n t  Mimeo.  J u l y  12 .  G .L . F .
E xcha nge ,  I n c .  I t h a c a ,  N. Y.
C o r l e y ,  E .  L.  A. 1956.  A S tudy  o f  t h e  P e r s i s t e n c y  of
L a c t a t i o n  i n  D a i r y  C a t t l e .  P h .D .  T h e s i s .  U n i v e r s i t y  of  
W i s c o n s i n ,  M a d is o n ,  W i s c o n s i n .
C ram p to n ,  E. W. 1957.  I n t e r r e l a t i o n s  Between D i g e s t i b l e  
N u t r i e n t  and E n e rg y  C o n t e n t ,  V o l u n t a r y  Dry M a t t e r  I n t a k e  
and Over A l l  F e e d i n g  V a lu e  o f  F o r a g e s .  J .  Animal S c i . ,  














E l l i o t ,  J .  M. and L o o s l i ,  J .  K. 1959.  E f f e c t  o f  t h e  D i e t a r y  
R a t i o  o f  Hay t o  C o n c e n t r a t e  on M i lk  P r o d u c t i o n ,  R a t i o n  
D i g e s t i b i l i t y ,  and U r i n a r y  E n e rg y  L o s s e s .  J .  D a i r y  S c i . ,  
4 2 : 8 3 6 .
Emery,  R. S . ,  Brown, L.  D. and Thomas,  J .  W. 1964.
C o m p a r i s o n  o f  Corn Cobs and Hay i n  Ground ,  R e e t r i c t e d -  
Roughage R a t i o n s  A f f e c t i n g  M i l k  C o m p o s i t i o n .  J .  D a i r y  
S c i . ,  4 7 : 1 3 2 2 .
E n s o r ,  W. L . , Shaw, J .  C . ,  and T e l l e c h e a ,  H. F.  1959.
S p e c i a l  D i e t s  f o r  t h e  P r o d u c t i o n  of  Low F a t  M i lk  and 
More E f f i c i e n t  G a in s  i n  Body W e i g h t .  J .  D a i r y  S c i . ,
4 2 : 1 8 9 .
F l a t t ,  W. P .  1966 .  Energy  M e t a b o l i s m  R e s u l t s  w i t h  
L a c t a t i n g  D a i r y  Cows. J .  D a i r y  S c i . ,  4 9 : 2 3 0 .
G r a f ,  G. C. and E n g e l ,  R. W. 1953 .  The V a lu e  of  Corn  Cobs 
a s  a P a r t i a l  R e p l a c e m e n t  f o r  Hay i n  t h e  R a t i o n  of  
L a c t a t i n g  Cows. J .  D a i r y  S c i . ,  3 6 : 5 8 0 .
Graham, N. McC. 1964.  E n e rg y  E xcha nges  o f  P r e g n a n t  and 
L a c t a t i n g  Ewes.  A u s t r a l i a n  J .  A g r .  R e s e a r c h ,  1 5 : 1 2 7 .
H a e c k e r ,  T. L .  1903.  I n v e s t i g a t i o n s  i n  M i lk  P r o d u c t i o n .  
M i n n e s o t a  A g r i c .  E x p t .  S t a .  B u i . ,  79.
H a e c k e r ,  T.  L.  1914.  I n v e s t i g a t i o n s  i n  M i lk  P r o d u c t i o n .  
M in n e s o t a  A g r i c .  E x p t .  S t a .  B u i . ,  140.
Hand, R.  W. 1960.  A P e l l e t e d  C o m p le te  R a t i o n  f o r  L a c t a t i n g  
D a i r y  Cows. M.S.  T h e s i s ,  K ansas  S t a t e  U n i v e r s i t y ,
M a n h a t t a n .
H a n s a r d ,  S.  L . , P l u m l e e ,  M. P . ,  Hobbs,  C. S . ,  and Comar,  C. L.  
1951 .  The D e s i g n  and O p e r a t i o n  o f  M e t a b o l i s m  U n i t s  f o r  
N u t r i t i o n a l  S t u d i e s  w i t h  S w ine .  J .  A nim al S c i . ,  1 0 : 8 8 .
H a r s h b a r g e r ,  K. E. 1932.  S e l f - F e e d i n g  a Ground Hay and
G r a i n  R a t i o n  t o  D a i r y  Cows.  Ohio A g r .  E x p t .  S t a .  B u i .  502 .
H ash izum e ,  T . , M or im o to ,  H . , M a s u b u c h i ,  T . , Abe,  M . , Hamada,  T . , 
H o r i i ,  S . ,  Z i t z u k a w a ,  Y . ,  Y o k o ta ,  C . ,  Yamamoto,  T . ,  T a k a h a s h i ,  
K . , Y o s h i n o ,  M . , and S a i t o ,  H. 1965.  S t u d i e s  on t h e  F e e d i n g  
S t a n d a r d  f o r  D a i r y  C a t t l e .  V I I .  N u t r i e n t  R e q u i r e m e n t s  f o r  
L a c t a t i n g  Cows by M e t a b o l i s m  T r i a l s .  S p e c i a l  R e p t .  No. 6 .  















H awkins ,  G. E. 1966.  C om ple te  R a t i o n s  f o r  D a i r y  Cows. P a p e r
p r e s e n t e d  a t  C o l l e g e  D a i r y  Feed  C o n f e r e n c e  Board M e e t i n g ,  
S e p t .  25.  M a r io n  H o t e l ,  L i t t l e  Rock ,  A r k a n s a s .
H awkins ,  G. E . , Cannon,  R. Y . ,  and L i t t l e ,  J .  A. 1960.
V a r i a t i o n  i n  E ne rgy  C o n t e n t  o f  4% FCM. P a p e r  p r e s e n t e d  a t
5 5 t h  Ann.  M e e t i n g  ADSA. U tah  S t a t e  U n i v e r s i t y ,  Logan .
J u n e  1 9 -2 2 .
Hayden ,  C. C . ,  Monroe,  C. F . ,  and P e r k i n s ,  A. E. 1932 .  
P r e p a r a t i o n  o f  F e e d s  f o r  D a i r y  Cows.  Ohio  A g r .  E x p t .
S t a . ,  B u i .  52.
H i l l ,  D. L . , H a t c h e r ,  B . , L i n d q u i s t ,  N. S . ,  and Crow l ,
B. W. 1953 .  Corn  Cobs and P u r d u e  C a t t l e  S u p p lem en t  A 
a s  a R a t i o n  f o r  D a i r y  C a t t l e .  J .  D a i r y  S c i . ,  3 6 : 5 8 1 .
Huf fman,  C. F .  1961.  H i g h - L e v e l  G r a i n  F e e d i n g  f o r  D a i r y
Cows, J .  D a i r y  S c i . ,  4 4 : 2 1 1 4 .
J a c o b s o n ,  D. R.  and Brown, G. W. 1966.  E f f e c t  o f  I n c l u d i n g  
Ground Hay o r  O th e r  Roughage i n  t h e  C o n c e n t r a t e  Mix on 
t h e  A nim al P e r f o r m a n c e .  J .  D a i r y  S c i . ,  4 9 : 4 4 7 .
J e n s e n ,  E . , K l e i n ,  J .  W.,  R a u c h e n s t e i n ,  E . , Woodward,  T. E , ,  
and S m i th ,  R. M. 1942 .  I n p u t - O u t p u t  R e l a t i o n s h i p s  i n  
M i lk  P r o d u c t i o n .  U. S. D e p t .  A g r .  T ec h .  B u i .  815 .
Jumah,  H. F . ,  P o u l t o n ,  B. R . ,  and A p e a r ,  W. P .  1965 .
E n e rg y  and P r o t e i n  U t i l i z a t i o n  D u r i n g  L a c t a t i o n .  J .  D a i r y  
S c i . ,  4 8 : 1 2 1 0 .
Kane,  E.  A. 1962.  E s t i m a t e d  E n e rg y  and T o t a l  D i g e s t i b l e  
N u t r i e n t  R e l a t i o n s h i p s  o f  C l a s s e s  o f  F e e d s .  J .  D a i r y  
S c i . , 4 5 : 6 2 9 .
K e s l e r ,  E .  M. and S p a h r , S. L. 1964 .  P h y s i o l o g i c a l  E f f e c t s  
of  H igh  L e v e l  C o n c e n t r a t e  F e e d i n g .  J .  D a i r y  S c i . ,  4 7 : 1 1 2 2 .
K in g ,  R.  L .  And Hemker,  R. W. 1962.  C o m p o s i t i o n  o f  M i lk  
P ro d u c e d  on P e l l e t e d  Hay and H ea te d  C o rn .  J .  D a i r y  S c i . ,  
4 5 : 1 1 3 6 .
K in g ,  W. A . ,  B ra n n o n ,  C. C. and Webb, H. J .  1960.  F e e d i n g  
M o l a s s e s  w i t h  Hays t o  D a i r y  H e i f e r s  and M i l k i n g  Cows.











( 5 4 )
(55 )
(5 6 )
K o m k r i s ,  T . ,  S t a n l e y ,  R. W . , and M o r i t a ,  K. 1965 .  E f f e c t  o f  
F e e d s  C o n t a i n i n g  M o l a s s e s  Fed  S e p a r a t e l y  and T o g e t h e r  w i t h  
Roughage  on D i g e s t i b i l i t y  o f  R a t i o n s ,  V o l a t i l e  F a t t y  A c id s  
P r o d u c e d  i n  t h e  Rumen, M i l k  P r o d u c t i o n  and M i l k  C o n s t i t u e n t s .  
J .  D a i r y  S c i . ,  4 8 : 7 1 4 .
L a s s i t e r ,  C. A . ,  H uffm an ,  C. F . ,  and D uncan ,  C. W, 1 9 5 7 .  The 
E f f e c t  o f  V a r y i n g  H a y - G r a i n  R a t i o s  and L e v e l s  o f  Feed  I n t a k e  
on Feed  U t i l i z a t i o n  o f  D a i r y  Cows.  J .  D a i r y  S c i . ,  4 0 : 6 1 1 .
L a s s i t e r ,  C. A . ,  H uffm an ,  C. F . ,  and D uncan ,  C. W, 1958 .
Ground C orn  Cobs a s  a S o u r c e  o f  Roughage  f o r  L a c t a t i n g  D a i r y  
Cows.  J .  D a i r y  S c i . ,  4 1 : 1 7 6 .
L e i g h t o n ,  R. E.  1965 .  Low R oughage  f o r  Summer F e e d i n g  of  
D a i r y  Cows.  T exas  A g r .  P r o g r . ,  3 9 1 : 1 9 .
L e i g h t o n ,  R.  E. 1966 .  Hot W e a th e r  R a t i o n s  f o r  D a i r y  Cows.
A n i .  N u t .  and  H e a l t h ,  M a rc h ,  pi. 21 .
L e i g h t o n ,  R.  E.  and Helm, R.  E .  1967 .  Ad L i b i t u m  F e e d i n g  
o f  C o m p l e t e  R a t i o n s  t o  D a i r y  Cows.  Ann.  M tg .  So.  D iv .
ADSA, New O r l e a n s ,  La .
L e i g h t o n ,  R. E.  and  R u p e l ,  I .  W. 1964 .  C o m p a r i s o n  o f  t h e  
F e e d i n g  V a l u e s  o f  V a r i o u s  Low Roughage  R a t i o n s  and a 
Normal  R a t i o n  f o r  D a i r y  Cows.  J .  D a i r y  S c i . ,  4 7 : 7 0 8 .
L o f g r e e n ,  G. P .  1 9 5 1 .  The Use o f  D i g e s t i b l e  E n e rg y  i n  
E v a l u a t i o n  o f  F e e d s .  J .  An im al  S c i . ,  1 0 : 3 4 4 .
L o o s l i ,  J ,  K. 1963 .  P r o b l e m s  i n  F e e d i n g  D a i r y  Cows f o r  
Maximum M i l k  P r o d u c t i o n .  P r o c .  D i s t i l l e r s  Feed  R e s e a r c h  
C ounc i 1,  1 8 : 4 9 .
L o o s l i ,  J .  K. , L u c a s ,  H. L . ,  and  M ay n a rd ,  L.  A. 1945 .
The E f f e c t  o f  Roughage  I n t a k e  upon  t h e  F a t  C o n t e n t  of  
M i l k .  J .  D a i r y  S c i . ,  2 8 : 1 4 7 .
L o v e l l ,  R.  T.  and R u s o f f ,  L .  L.  1963 .  E f f e c t  o f  a H ig h l y  
F o r t i f i e d  V i t a m i n - M i n e r a 1 S u p p le m e n t  i n  High and Low 
C o n c e n t r a t e  R a t i o n s  f o r  D a i r y  Cows.  J .  D a i r y  S c i . ,
4 6 : 1 0 8 9 .
L o v e l l ,  R.  T.  and R u s o f f ,  L.  L.  1964 ,  M e t a b o l i c  H ea t
P r o d u c t i o n  o f  L a c t a t i n g  Cows Fed a t  Two H a y - C o n c e n t r a t e  





(6 0 )  









M a t h e r n e ,  N, J .  1965 .  A S tu d y  o f  E s t i m a t e d  N et  E n e rg y  I n t a k e  
f o r  M a i n t e n a n c e  and M i l k  P r o d u c t i o n  of  L o u i s i a n a  D a i r y  Cows 
by Use o f  E l e c t r o n i c  D a ta  R e c o r d s .  A D i s s e r t a t i o n .  
L o u i s i a n a  S t a t e  U n i v e r s i t y  D e p a r t m e n t  o f  D a i r y  S c i e n c e .
M ay n a rd ,  L.  A. 1944 .  The A t w a t e r  S y s tem  o f  C a l c u l a t i n g  t h e  
C a l o r i c  V a lu e  of  D i e t s .  J .  N u t r i t i o n ,  2 8 : 4 4 3 .
McCoy, G. C. 1965 .  A C o m p a r i s o n  of  R oughages  i n  a C o m p le te  
Feed  Fed t o  L a c t a t i n g  D a i r y  Cows. M a s t e r ' s  T h e s i s .
S o u t h e r n  I l l i n o i s  U n i v e r s i t y ,  C a r b o n d a l e .
McCoy, G. C . , O l s o n ,  H. H. and R e e d ,  A l e x .  1965.  C o m p a r i s o n  
o f  R o u g h a g e s  i n  a C o m p l e t e  Feed  f o r  L a c t a t i n g  D a i r y  Cows.
J .  D a i r y  S c i .  A b s t . ,  4 8 : 7 9 9 .
McCoy, G. C . ,  O l s o n ,  H. H . , and  R e e d ,  A. 1966.  D i u r n a l  
E x c r e t i o n  P a t t e r n  and D i g e s t i b i l i t y  o f  T h r e e  C o m p le te  
F e e d s .  J .  D a i r y  S c i . ,  4 9 : 2 1 1 .
McCoy, G. C . ,  Thurmpn,  H. S . ,  O l s o n ,  H. H . , and R e e d ,  A.
1966 .  C o m p le te  Feed  R a t i o n s  f o r  L a c t a t i n g  D a i r y  Cows.
J .  D a i r y  S c i . ,  4 9 : 1 0 5 8 .
M cC u l lo u g h ,  M. E. 1964 .  P a r t i t i o n i n g  t h e  TDN Used by
D a i r y  Cows.  P r o c .  G e o r g i a  N u t r . C o n f .  Feed  M a n u f a c t u r e r s .  
A t l a n t a ,  G e o r g i a .
M e t e r ,  J .  H. and G a r r e t t ,  W, N. 1967 .  E f f i c i e n c y  o f  Feed  
U t i l i z a t i o n .  J .  A n im al  S c i . ,  2 6 : 6 3 8 .
Mix ,  L.  S. and L a s h b r o o k ,  W. D. 1966.  How do  C o m p le te  
F e e d s  F i t  I n ?  F e e d s t u f f s .  Nov. 19.  p p .  5 2 - 5 8 .
Moe, P.  W . , . R e i d ,  J .  T . , and T y r r e l l ,  H. F.  1965 .  E f f e c t  
o f  L e v e l  o f  I n t a k e  on D i g e s t i b i l i t y  o f  D i e t a r y  E n e rg y  by 
H igh  P r o d u c i n g  Cows.  J .  D a i r y  S c i . ,  4 8 : 1 0 5 3 .
M o i r , R. J .  and S om ers ,  M. 1957 .  R um ina l  F l o r a  S t u d i e s .
V I I I .  The I n f l u e n c e  o f  R a t e  and Method o f  F e e d i n g  a 
R a t i o n  Upon t h e  R um ina l  P o p u l a t i o n .  A u s t r a l i a n  J .  A g r i .  
R e s e a r c h ,  8 : 2 5 3 .
M ontgom ery ,  M. J .  and B a u m g a r d t ,  B. R. 1965.  R e g u l a t i o n  of  
Food I n t a k e  i n  R u m i n a n t s .  2.  R a t i o n s  V a r y i n g  i n  E n e rg y  
C o n c e n t r a t i o n s  and P h y s i c a l  Form. J .  D a i r y  S c i , ,  4 8 : 1 6 2 3 .
M o r r i s o n ,  F .  B. 1956 .  F e e d s  and F e e d i n g .  22nd e d . The 













M u l l g a a r d ,  K. M. 1931.  A C o m p a r i s o n  o f  F e e d i n g  S t a n d a r d s  f o r  
D a i r y  Cows w i t h  S p e c i a l  R e f e r e n c e  t o  E n e rg y  R e q u i r e m e n t s .
J .  N u t r i t i o n ,  4 : 1 4 1 .
N a t i o n a l  R e s e a r c h  C o u n c i l .  1958 .  N u t r i e n t  R e q u i r e m e n t s  o f
D o m es t i c  A n i m a l s .  3 .  N u t r i e n t  R e q u i r e m e n t s  o f  D a i r y  C a t t l e .  
N a t i o n a l  Academy o f  S c i e n c e s ,  N a t i o n a l  R e s e a r c h  C o u n c i l  
P u b l . ,  4 6 4 .
O l s o n ,  H. H. 1965.  A C o m p le te  Feed  f o r  D a i r y  Cows? H o a r d ' s  
D a i rym a n ,  1 1 0 :6 0 3 .
O l s o n ,  H. H. 1967.  What Do We Know About C o m p le te  F e e d s  f o r  
D a i r y  C a t t l e .  D e p t ,  o f  A nimal I n d u s t r i e s .  S o u t h e r n  
I l l i n o i s  U n i v . ,  C a r b o n d a l e ,  1 1 1 .  p p . 8 0 - 8 7 .
O l s o n ,  H. H . , H i n n e r s ,  S. W . , and B e r n e t t ,  R. C. 1966.
Ad L i b i t u m  V e r s u s  R e s t r i c t e d  C o n c e n t r a t e  F e e d i n g  o f  
L a c t a t i n g  D a i r y  Cows. J .  D a i r y  S c i . ,  4 9 : 1 1 0 .
O l s o n ,  H. H . , R eed ,  A . ,  B en s o n ,  H . , and S t e w a r t ,  L. D.
1965 .  A C o m p a r i s o n  o f  Ad L i b i t u m  G r a i n  and R e s t r i c t e d  
Roughage F e e d i n g  w i t h  C o n v e n t i o n a l  D a i r y  C a t t l e  F e e d i n g  
P r a c t i c e s .  J ,  D a i r y  S c i . ,  4 8 : 1 3 9 8 .
O l t j e n ,  R. R . ,  D a v i s ,  R. E . , and H i n e r ,  R. L.  1965.
F a c t o r s  A f f e c t i n g  P e r f o r m a n c e  and C a r c a s s  C h a r a c t e r i s t i c s  
o f  C a t t l e  Fed A l l  C o n c e n t r a t e  R a t i o n s .  J .  Animal S c i . ,
2 4 :1 9 2 .
Overman,  0 .  R. and G a i n e s ,  W. L.  1933 .  M i l k  Energy  F o rm u la s  
f o r  V a r i o u s  B r e e d s  o f  C a t t l e .  J .  A g r i c .  R e s e a r c h ,  4 6 : 1 1 0 9 .
Owen, F .  G. and Howard,  W. T. 1965.  E f f e c t  o f  R a t i o n
M o i s t u r e  L e v e l  on V a lu e  o f  A l f a l f a  P l u s  C racke d  Corn  a s  a 
C o m p l e t e -F e e d  S i l a g e  f o r  L a c t a t i n g  Cows. J .  D a i r y  S c i . ,
4 8 : 1 3 1 0 .
P o r t e r ,  G. H . , J o h n s o n ,  R. E . , E a t o n ,  R. D . , E l l i o t ,  F .  I . ,  
and Moore,  L. A. 1953.  R e l a t i v e  V a lu e  f o r  M i l k  P r o ­
d u c t i o n  o f  F i e l d - C u r e d  and F i e l d  B a l e d ,  A r t i f i c i a l l y  
D r i e d - G r o u n d  and A r t i f i c i a l l y  D r i e d - P e l l e t e d  A l f a l f a  
When Fed a s  t h e  S o l e  S o u rc e  o f  Roughage t o  D a i r y  C a t t l e .
J .  D a i r y  S c i . ,  3 6 :1 1 4 0 .
P o w e l l ,  E. B. 1939.  Some R e l a t i o n s  o f  t h e  Roughage I n t a k e  














P o w e l l ,  E. B. 1941.  P r o g r e s s  R e p o r t  on t h e  R e l a t i o n  of  t h e  
R a t i o n  t o  t h e  C o m p o s i t i o n  of  M i l k .  J .  D a i r y  S c i . ,  2 4 :5 0 4 .
P u tnam ,  P.  A. and D a v i s ,  R, E. 1961.  E f f e c t  o f  F e e d i n g  
P e l l e t e d  C om ple te  R a t i o n s  t o  L a c t a t i n g  Cows. J .  D a i r y  
S c i . ,  4 4 : 1 4 6 5 .
P u tnam ,  P .  A. and L o o s l i ,  J .  K. 1959.  E f f e c t  o f  F e e d i n g  
D i f f e r e n t  R a t i o s  of  Roughage t o  C o n c e n t r a t e  upon M i lk  
P r o d u c t i o n  and D i g e s t i b i l i t y  o f  t h e  R a t i o n .  J .  D a i r y  
S c i . , 4 2 : 1 0 7 0 .
R a n d e l ,  P a u l  F.  1966.  F e e d i n g  L a c t a t i n g  D a i r y  Cows C o n cen ­
t r a t e s  and Sugar  Cane B a g a s s e  a s  Compared w i t h  a Con­
v e n t i o n a l  R a t i o n .  J .  A g r i c . ,  U n iv .  P u e r t o  R i c o ,  5 0 :2 5 5 .
R e i d ,  J .  T. 1961.  N u t r i t i o n  of  L a c t a t i n g  Farm A n im a ls .
I n  M i lk :  The Mammary Gland  and i t s  S e c r e t i o n .  V o l .  I I .
S. K. Kon and A. T. Cowie ,  e d s .  Academic P r e s s ,  New Y ork .
R e i d ,  J .  T. 1961.  P ro b le m s  of  Feed  E v a l u a t i o n s  R e l a t e d  t o
F e e d i n g  o f  D a i r y  Cows. J .  D a i r y  S c i . ,  4 4 : 2 1 2 2 .
R e i d ,  J .  T. 1956.  Some N u t r i t i o n a l  E f f e c t s  o f  V a r y i n g
C o n c e n t r a t e - R o u g h a g e  R a t i o s  i n  R e l a t i o n  t o  Feed  I n p u t -  
M i lk  O u tp u t  by D a i r y  Cows. New York  A gr .  E x p t .  S t a . ,  
C o r n e l l  M emoirs ,  344.
R e i d ,  J .  T . , Moe, P .  W . , and T y r r e l l ,  H. F.  1966.  R e e v a l u ­
a t i o n  o f  N u t r i e n t  A l l o w a n c e s  f o r  High P r o d u c i n g  Cows.
J .  D a i r y  S c i . ,  4 9 : 2 1 5 .
R o d r i g u e ,  C. B. and A l l e n ,  N. N. 1960.  The E f f e c t  of  F i n e  
G r i n d i n g  o f  Hay on R a t i o n  D i g e s t i b i l i t y ,  R a t e  o f  P a s s a g e ,  
and F a t  C o n t e n t  o f  M i l k .  C a n a d i a n  J .  Animal S c i . ,  4 0 : 2 3 .
R o n n in g ,  M agnar .  1960 .  E f f e c t  o f  V a r y i n g  A l f a l f a  Hay- 
C o n c e n t r a t e  R a t i o s  i n  a P e l l e t e d  R a t i o n  f o r  D a i r y  Cows.
J .  D a i r y  S c i . ,  4 3 : 8 1 1 .
R o n n in g ,  M. and L abe n ,  R. C. 1966.  R es p o n s e  o f  L a c t a t i n g  
Cows t o  F r e e  C h o ic e  F e e d i n g  o f  M i l l e d  D i e t s  C o n t a i n i n g  
f rom  0 t o  100% C o n c e n t r a t e .  J .  D a i r y  S c i . ,  4 9 : 1 0 8 0 .
Rook,  J .  A. F .  1961.  V a r i a t i o n  i n  t h e  C hem ica l  C o m p o s i t i o n  
o f  t h e  M i l k  of  t h e  Cow. P a r t  I .  D a i r y  S c i .  A b s t r a c t s ,















Rook,  J .  T. 1961.  P ro b le m s  of  Feed  E v a l u a t i o n  R e l a t e d  t o  
F e e d i n g  o f  D a i r y  Cows. J .  D a i r y  S c i . ,  4 4 : 2 1 2 2 .
R u s o f f ,  L.  L. 1965.  P h y s i o l o g i c a l  E f f e c t s  o f  High G r a i n  
F e e d i n g .  J .  D a i r y  S c i . ,  A b s t . ,  4 8 : 8 3 5 .
S c h n e i d e r ,  B. H. 1954.  The T o t a l  D i g e s t i b l e  N u t r i e n t  Sys tem 
o f  M e a s u r i n g  N u t r i t i v e  V a l u e .  S c i .  P a p e r  No. 1250.  
W a s h in g t o n  A g r i c .  E x p t .  S t a . ,  P u l lm a n .
S e n e l ,  S. H. and Owen, F.  G. 1967.  R e l a t i o n  o f  D i e t a r y  
A c e t i c  and B u t y r i c  A c i d s  t o  I n t a k e ,  D i g e s t i b i l i t y ,  
L a c t a t i o n  P e r f o r m a n c e  and Rumina l  and Blood L e v e l s  of  
C e r t a i n  M e t a b o l i t e s .  J .  D a i r y  S c i . ,  5 0 : 3 2 7 .
S l a c k ,  S.  T . , K ennedy,  W. K . , T u rk ,  K. L . ,  and Boyce ,  0 .  A. 
1960.  E f f e c t s  o f  Chopp ing  on F e e d i n g  V a l u e s  of  Hays .  
C o r n e l l  U n iv .  A g r .  E x p t .  S t a .  B u i .  950 .
S n e d e c o r ,  George  W. 1956.  S t a t i s t i c a l  M e th o d s .  Iowa 
S t a t e  C o l l e g e  P r e s s ,  Ames.
S t a n l e y ,  R. W . , Cob,  E. H . , and M o r i t a ,  K. 1965 .  E f f e c t  
o f  P e l l e t e d  C o n c e n t r a t e s  on t h e  P e r f o r m a n c e  of  L a c t a t i n g  
D a i r y  C a t t l e .  J .  D a i r y  S c i . ,  4 8 : 7 9 7 .  ( a b s t r a c t ) .
S t a n l e y ,  R. W . , M o r i t a ,  K . , and Ueyama, E. 1964.  The 
E f f e c t  of  F e e d i n g  D i f f e r e n t  Roughage L e v e l s  and Sodium 
A c e t a t e  i n  High G r a i n  R a t i o n s  on M i lk  C o n s t i t u e n t s  and 
Rumen V o l a t i l e  F a t t y  A c i d s .  J .  D a i r y  S c i . ,  4 7 : 2 5 8 .
S w i f t ,  R.  W. 1957.  The C a l o r i c  V a lu e  o f  TDN. J .  Animal 
S c i . ,  1 6 :7 5 3 .
Thrumon, H. S. 1964.  E f f e c t  o f  T h re e  M ethods  o f  G r a i n  
F e e d i n g  t o  L a c t a t i n g  D a i r y  C a t t l e .  M a s t e r ' s  T h e s i s ,  
S o u t h e r n  I l l i n o i s  U n i v e r s i t y ,  C a r b o n d a l e .
Thurmon, H. S . ,  O l s o n ,  H. H . , and R eed ,  A l a n .  1964.  
C om p a r i so n  of  T h r e e  M ethods  o f  High G r a i n  F e e d i n g  t o  
D a i r y  Cows. J .  D a i r y  S c i . ,  4 7 : 6 9 0  ( a b s t r a c t ) ,
T y r r e l l ,  H. F.  and R e i d ,  J .  T. 1965.  P r e d i c t i o n  of  t h e  
E nergy  V a lu e  of  Cows M i l k .  J .  D a i r y  S c i . ,  4 8 : 1 2 1 5 .
V a l d e z ,  S.  y Raun ,  N. S. 1963 .  P a s t a  de  Car tamo y Urea 
en  C o m pa rac ion  c o n  H a r i n o l i n a  como F u e n t e s  de  P r o t e i n a  
de f lngorda  de Ganado C r i o l l o .  T e c n i c a  P e c u a r i a  en 
M e x ic o .  V o l .  1,  1 3 - 1 4 .  S ec .  A g r i c .  y G a n a d e r i a .
91
(106)
(1 0 7 )




Van S o e s t ,  P .  J .  1963 .  R u m in a n t  F a t  M e t a b o l i s m  w i t h  P a r ­
t i c u l a r  R e f e r e n c e  t o  F a c t o r s  A f f e c t i n g  Low M i l k  F a t  and 
Feed  E f f i c i e n c y .  A R e v i e w ,  J .  D a i r y  S c i . ,  4 6 : 2 0 4 .
V i l l a v i c e n c i o ,  E. and  R u s o f f ,  L.  L.  1967 .  D i g e s t i b i l i t y  
S t u d i e s  o f  C o m p le te  D a i r y  R a t i o n s  C o n t a i n i n g  Urea  and 
M o l a s s e s  U s i n g  S h e e p .  Ann.  Mtg .  So.  D iv .  ADSA.,
New O r l e a n s ,  La .
V i l l a v i c e n c i o ,  E . ,  y R au n ,  Ned S.  1964 .  E s t u d i o  C o m p a r a t i v o  
de  T r e s  D i f e r e n t e s  F u e n t e s  de  F o r r a j e  p a r a  N o v i l l o s  en  
E ngorda  c o n  y s i n  I m p l a n t a c i o n  de  E s t i l b e s t r o l . T r a b a j o  
s i n  P u b l i c a r .  M e x ic o ,  D. F .
Ward,  R.  E. 1967 .  P e r s o n a l  C o m m u n ic a t io n .
W a t so n ,  P .  D. 1957 .  D e t e r m i n a t i o n  o f  t h e  S o l i d s  i n  M i lk  by 
L a c t o m e t r i c  Method a t  102°  F .  J .  D a i r y  S c i . ,  4 0 : 3 9 4 .
W elch ,  J .  H. K . , Maddux,  J .  M. and  J a r r e t ,  C. J .  1965.





A n a l y s i s  o f ~ V a r i a n c e  f o r  D i g e s t i b l e  E n e rg y  o f  t h e  R a t i o n s  Fed t o  Sheep
S o u r c e  o f  
V a r i a n c e d . f .
Sum o f  
S q u a r e s
Mean
S q u a r e F - V a lu e
T o t a l 31 4 . 7 0 .151
R e p l i c a t e s 1 .013 .013 0 . 0 6
Sheep 6 .077 .131 0 . 5 5
P e r i o d s 6 .523 .0871 0 . 3 7
T r e a t m e n t 3 1 .123 .374 1 .5 8
R X T 3 0 . 1 2 8 .042 0.  18
E r r o r 12 2 . 8 3 6 .236
TABLE 2 a
Mean and Range of Daily Feed Consumption for Each Group of Four Cows Fed the Four Different
Rations During the Preliminary and Experimental Periods
T r e a tm e n t
I I I I I I l \b
C o n t r o l A l f a l f a CSH G rass  Hay
P e r i o d Mean Range Mean Range Mean Range Mean Range
P r e l i m . 2 3 .5  2 0 . 5 - 2 6 . 6 2 4 . 8  2 3 . 9 - 2 6 . 0  2 1 . 9 2 0 . 6 - 2 3 . 0 2 3 . 1  1 9 . 0 - 2 7 . 3
1* 2 6 .8 22 . 9 - 3 2 . 6 27,.1 24..5 -2 8 .6 2 9 .3 26 .1 -32 .7 26 .4 24 .5 -29 , .0
2 2 7 .2 22,. 8 - 3 0 . 3 24,,0 21,.8 -26 . .0 2 6 .8 25,.6 -32 .5 26..1 23 .8 -2 8 .9
3 2 6 . 6 23,. 1 - 2 8 . 4 27..6 25,.3 -29 .0 29 .5 27 .7 -32 . .2 25..7 23,.5 -28 , .4
4 2 5 . 4 22,. 5 - 2 8 . 4 26. . 1 25,.1 -27 , .0 3 0 .5 28,. 9 -33 . .7 24,.3 23,.3 -25 , .6
5 2 5 . 1 21.. 9 - 2 7 . 9 25..5 22..5 -29 , .6 26 .7 24,.5 -28 , .9 25..0 22,.3 -28 , .0
6 2 4 .1 19,. 2 - 2 6 . 5 24..6 22,.6 -29 , .8 2 7 .6 22,. 1 -31 , .5 25,.5 22,.3 -28 , ,2
7 2 4 .4 20,. 6 - 2 5 . 9 22,.5 20..3 -2 6 . .2 2 6 .1 23..9 -31 . .0 21,.0 18..7 -22 . .5
8 2 2 .9 19.. 2 - 2 5 . 1 22..7 17..2 -25 , .5 2 4 .5 17.. 1 -27 , .3 21,,4 17..0 -25 . .8
9 2 0 .4 18,. 4 - 2 3 . 0 19,.8 13.,5 -24 , .7 2 2 .7 18,. 7 -25 . .6 18,.3 12,,5 -23 . .9
10 2 0 .2 16.
mC\l100 19.,8 17.,7 -23 . .0 2 7 .4 24.,2 -31 . .7 15.,4 10..9 -18 . 0
11 18 .9 16.
0CM1CM 17.,1 13.,6 -19 . .6 23 .3 21.,6 -24 . .6 14.,9 11..3 -19 . .6
T o t a l  26 2 .0  2 5 6 .8  2 9 4 .4  244 .0




A n a l y s i s  o f  V a r i a n c e  f o r  T o t a l  Feed  I n t a k e  o f  D a i r y  Cows on t h e
F o u r  E x p e r i m e n t a l  R a t i o n s  (kg)
Sum o f Mean
Component d . f . S q u a r e s S q u a r e F -V a lu e
T o t a l 175 3462.
0000 19.,78
B lo c k s 3 152,.73 50,,91 1,.23
R a t i o n s 3 545,.00 181,.66 4..4*
E r r o r  A 9 371,.21 41..24
P e r i o d s 10 1528,.33 152,
0000 29 .6**
R X P 30 245,.50 8 . 18 1 .58*
E r r o r  B 120 620. . 12 5,. 16
*S i g n i f l e a n t a t  P < .05
**S i g n i f i c a n t a t  P .01
TABLE 4a
Mean and Range of Daily Dry Matter Intake for Each Group of Four Cows Fed the
Different Rations During the Preliminary and Experimental Periods
T r e a tm e n t
I I I I I I IVa
C o n t r o l A l f a l f a CSH G ra s s  Hay
P e r i o d Mean Range Mean Range Mean Range Mean Range
P r e l i m . 2 0 . 1  1 7 . 6 - 2 2 . 6
........................................ ( k g ) --------- ---
2 1 .2  2 0 . 4 - 2 2 . 2  18.7 1 7 . 5 - 1 9 . 7 _ 19.7 1 6 . 1 - 2 3 . 3
1* 2 2 .2 1 5 . 2 - 2 7 . 8 23 .1 2 0 . 9 - 2 4 . 4 25 .1 2 2 . 3 - 2 8 . 0 22 .9 2 1 . 2 - 2 5 . 1
2 2 0 . 6 1 3 . 9 - 2 5 . 9 2 5 .0 1 8 . 6 - 2 2 . 2 24 .7 2 1 . 9 - 2 7 . 8 22 .7 2 0 . 6 - 2 5 . 1
3 2 0 .1 1 3 . 5 - 2 4 . 0 2 3 .6 2 1 . 6 - 2 4 . 8 2 4 .8 2 3 . 7 - 2 7 . 6 2 2 .3 2 0 . 4 - 2 4 . 6
4 2 1 . 6 1 9 . 2 - 2 4 . 2 2 2 .3 2 1 . 4 - 2 3 . 0 26 .1 2 4 . 8 - 2 8 . 8 2 1 .1 2 0 . 2 - 2 2 . 2
5 2 1 .3 1 8 . 5 - 2 3 . 8 2 1 .7 1 9 . 2 - 2 5 - 3 2 2 .8 2 1 . 0 - 2 4 . 7 2 1 .6 1 9 . 3 - 2 4 . 3
6 2 0 .5 1 6 . 4 - 2 2 . 6 2 1 .0 1 9 . 3 - 2 5 . 4 2 3 .6 1 8 . 8 - 2 7 . 0 2 2 .0 1 9 . 3 - 2 4 . 4
7 2 0 . 8 1 7 . 5 - 2 2 . 1 19.2 1 7 . 4 - 2 2 . 4 2 2 . 4 2 0 . 5 - 2 6 . 5 18.2 1 6 . 2 - 1 9 . 4
8 19.5 1 6 . 4 - 2 1 . 4 19 .4 1 4 . 7 - 2 1 . 8 2 1 .0 1 4 . 6 - 2 3 . 3 18.6 1 4 . 7 - 2 2 . 4
9 17 .8 1 6 . 5 - 2 1 . 5 17 .0 1 1 . 5 - 2 1 . 1 19 .4 1 6 . 0 - 2 1 . 9 15.9 1 0 . 8 - 2 0 . 7
10 17.2 1 4 . 3 - 1 8 . 3 17 .0 1 5 . 1 - 1 9 . 6 2 3 .5 2 0 . 7 - 2 7 . 2 13 .4 9 . 5 - 1 5 . 6
11 16.1 1 3 . 8 - 1 7 . 3 14 .6 1 1 . 6 - 1 6 . 7 2 0 .0 1 8 . 5 - 2 1 . 1 12 .9 9 . 7 - 1 6 . 9
T o t a l  217 .7 0  2 2 3 .9 0  2 5 3 .4 0  2 1 1 .60




Mean and Range of Daily Concentrate Consumption for Each Group of Four Cows Fed
the Different Rations During the Preliminary and Experimental Periods
P e r i o d
T r e a tm e n t
I
C o n t r o l
I I




G r a s s  Hay
Mean Range Mean Range Mean Range Mean Range
----------------(kg)
P r e l i m . 14 .5 1 1 . 2 - 1 7 . 6 16 .7 1 6 . 0 - 1 7 . 1 14 .1 1 2 . 9 - 1 5 . 0 14 .5 1 2 . 8 - 1 6 . 2
1* 18 .3 1 5 . 5 - 2 3 . 4 1 8 .9 1 7 . 2 - 2 0 . 0 2 0 .5 1 8 . 2 - 2 2 . 9 1 8 .5 1 7 . 2 - 2 0 . 3
2 18 .5 1 4 . 8 - 2 1 . 5 16 .8 1 5 . 2 - 1 8 . 2 2 0 .2 1 7 . 9 - 2 2 . 8 18 .3 1 6 . 7 - 2 0 . 3
3 18 .1 1 5 . 5 - 1 9 . 8 19 .3 1 7 . 7 - 2 0 . 3 2 0 .7 1 9 . 4 - 2 2 . 5 1 8 .0 1 6 . 5 - 1 9 . 9
4 1 8 .0 1 6 . 0 - 2 0 . 0 18 .3 1 7 . 6 - 1 8 . 9 2 1 .3 2 0 . 2 - 2 3 . 6 17 .2 1 6 . 4 - 1 7 . 9
5 18 .3 1 6 . 8 - 1 9 . 8 17 .8 1 5 . 8 - 2 0 . 7 18.7 1 7 . 1 - 1 9 . 9 1 7 .5 1 5 . 6 - 1 9 . 6
6 17 .7 1 4 . 7 - 1 9 . 4 17 .2 1 5 . 8 - 2 0 . 9 19.3 1 5 . 5 - 2 2 . 1 17 .8 1 5 . 6 - 1 9 . 7
7 18 .1 1 5 . 5 - 2 0 . 0 1 5 .8 1 4 . 2 - 1 8 . 4 18 .3 1 6 . 7 - 2 1 . 7 14.7 1 3 . 1 - 1 5 . 7
8 17 .0 1 4 . 3 - 1 9 . 1 1 5 .4 1 2 . 1 - 1 7 . 9 17 .1 1 2 . 0 - 1 9 . 1 15 .0 1 1 . 9 - 1 8 . 1
9 1 5 .0 1 2 . 4 - 1 7 . 8 1 3 .9 9 . 4 - 1 7 . 3 1 5 .9 1 3 . 1 - 1 7 . 9 1 2 .8 8 . 7 - 1 6 . 7
10 1 4 .8 1 2 . 8 - 1 6 . 7 14 .0 1 2 . 4 - 1 6 . 1 19 ,2 1 7 . 0 - 2 2 . 2 10 .8 7 . 6 - 1 2 . 6
11 1 3 .2 1 2 . 3 - 1 4 . 4 12 .0 9 . 5 - 1 3 . 7 16 .3 1 5 . 1 - 1 7 . 2 10.5 7 . 9 - 1 3 . 7
T o t a l 1 8 7 .0 179 .4 2 0 7 .5 1 71 .1
Av. 1 7 .0 16 .3 1 8 .9 1 5 .6
*Ten Day Periods
TABLE 6a
Mean and Range o f  D a i l y  Roughage Consumpt ion  f o r  Each Group o f  Four  Cows Fed the  
D i f f e r e n t  R a t i o n s  D u r in g  t h e  P r e l i m i n a r y  and E x p e r i m e n t a l  P e r i o d s
P e r i o d
T r e a tm e n t
I
C o n t r o l
I I




G ra s s  Hay
Mean Range Mean Range Mean Range Mean Range
------------(kg)
P r e l i m . 9 . 0 8 . 6 - 9 . 3 8 . 1 7 . 7 - 8 . 9 7 . 8 6 . 8 - 8 . 6 8 . 7 6 . 1 - 1 1 . 1
1* 8 . 5 7 . 4 - 9 . 2 8 . 1 7 . 4 - 8 . 6 8 . 9 7 . 8 - 9 . 8 7 .9 7 . 4 - 8 . 7
2 8 .7 8 . 1 - 9 . 1 7 .2 6 . 5 - 7 . 8 8 . 6 7 . 7 - 9 . 8 7 .8 7 . 1 - 8 . 7
3 8 . 5 7 . 6 - 9 . 1 8 . 4 8 . 2 - 8 . 7 8 . 9 8 . 3 - 9 . 7 7 .7 7 . 1 - 8 . 5
4 7 . A 6 . 1 - 8 . 9 7 . 8 7 . 5 - 8 . 1 9 .1 8 . 7 - 1 0 . 1 7 .3 6 . 9 - 7 . 7
5 6 . 8 5 . 1 - 8 . 2 7 .6 6 . 8 - 8 . 9 8 . 0 7 . 3 - 8 . 7 7 . 5 6 . 7 - 8 . 4
6 6 . 5 4 . 6 - 8 . 6 7 .4 6 . 8 - 8 . 9 8 .3 6 . 6 - 9 . 5 7 . 6 6 . 7 - 8 . 5
7 6 . 3 5 . 1 - 8 . 2 6 . 8 6 . 1 - 7 . 9 7 .8 7 . 2 - 9 . 3 6 .3 5 . 6 - 6 . 7
8 5 .9 4 . 3 - 7 . 4 7 . 4 5 . 2 - 1 0 . 0 7 .3 5 . 1 - 8 . 2 6 . 4 5 . 1 - 7 . 8
9 5 .5 3 . 9 - 7 . 6 6 . 0 4 . 0 - 7 . 4 6 .9 5 . 6 - 7 . 7 5 .5 3 . 8 - 7 . 2
10 5 . 4 3 . 3 - 8 . 2 6 . 0 5 . 3 - 7 . 0 8 .2 7 . 3 - 9 . 5 4 . 6 3 . 3 - 5 . 4
11 5 .7 3 . 9 - 7 . 4 5 .1 4 . 1 - 5 . 9 7 . 0 6 . 5 - 7 . 4 4 . 5 3 . 4 - 5 . 9
T o t a l  7 5 .2  7 7 .8  8 9 . 0  7 3 .1




A n a l y s i s  o f  V a r i a n c e  f o r  T o t a l  G r a i n  C o n s u m p t io n  o f  t h e  F o u r  
Groups  o f  Cows Fed t h e  E x p e r i m e n t a l  R a t i o n s  (kg )
Component d .  f .
Sum o f  
S q u a r e s
Mean
S q u a r e F - V a lu e
T o t a l 175 1 700 .59 9 . 7 1
B lo c k s 3 8 4 . 6 8 2 8 .2 2 1 .52
R a t i o n s 3 2 6 6 . 5 5 8 8 . 8 5 4 . 8 1 *
E r r o r  A 9 166 .23 1 8 .4 7
P e r i o d s 10 7 1 5 .7 0 7 1 .5 7 2 5 .6 5 * *
R X P 30 131 .78 4 . 3 9 1 .57*
E r r o r  B 120 3 3 5 . 6 4 2 . 7 9
^ S i g n i f i c a n t  a t  P <  .05 
* * S i g n i f i c a n t  a t  P ^  .01
TABLE 8a
A n a l y s i s  o f  V a r i a n c e  f o r  T o t a l  Hay C o n s u m p t io n  o f  t h e  F o u r  G roups  
o f  Cows Fed t h e  E x p e r i m e n t a l  R a t i o n s  (kg )
Component d .  f .
Sum o f  
S q u a r e s
Mean
S q u a r e F - V a lu e
T o t a l 175 4 0 0 . 4 3 2 . 2 8
B l o c k s 3 17 .43 5 .8 1 0 . 8 2
R a t i o n s 3 54 .77 1 8 .2 5 2 . 5 8
E r r o r  A 9 6 3 .6 4 7 . 0 7
P e r i o d s 10 159 .73 15 .9 7 2 8 .0 1 * *
R X P 30 3 5 . 3 0 1 .17 2 . 0 1 *
E r r o r  B 120 6 9 .5 5 .57
**S i g n i f  i c a n t  a t  P < , 0 1
* S i g n i f i c a n t  a t  P < . 0 5
TABLE 9a
Mean and Range of Total Digestible Nutrients Consumption for Each Group of Four Cows
Fed the Different Rations During the Preliminary and Experimental Periods
T r e a tm e n t
I I I I I I IVa
C o n t r o l A l f a l f a CSH G r a s s  Hay
P e r i o d Mean Range Mean Range Mean Range Mean Range
P r e l i m . 1 4 .8 1 2 . 9 - 1 6 . 7  1 5 .6
■ - - -  - ( k g ) -  - -  - 
1 5 . 1 - 1 6 . 4  1 3 .8 1 3 . 0 - 1 4 . 5  14 .6 1 1 . 9 - 1 7 . 2
1* 1 6 .9 1 4 . 4 - 2 0 . 5 16.5 1 4 . 9 - 1 7 . 4 16 .3 1 4 . 4 - 1 8 . 2 15 .0 1 4 . 0 - 1 6 . 5
2 17 .2 1 4 . 4 - 1 9 . 1 1 4 .6 1 3 . 3 - 1 5 . 9 1 6 .0 1 4 . 2 - 1 8 . 1 14.9 1 3 . 6 - 1 6 . 5
3 16 .7 1 4 . 5 - 1 7 . 9 16 .8 1 5 . 4 - 1 7 . 7 1 6 .4 1 5 . 4 - 1 7 . 9 1 4 .6 1 3 . 4 - 1 6 . 2
4 1 6 .0 1 4 . 2 - 1 7 . 9 16 .0 1 5 . 3 - 1 6 . 5 16 .9 1 6 . 1 - 1 8 . 7 13 .9 1 3 . 3 - 1 4 . 6
5 1 5 .8 1 3 . 8 - 1 7 . 6 15 .5 1 3 . 7 - 1 8 . 0 14 .8 1 3 . 6 - 1 6 . 0 14 .2 1 2 . 7 - 1 6 . 0
6 15 .2 1 2 . 1 - 1 6 . 7 15 .0 1 3 . 7 - 1 8 . 2 15 .3 1 2 . 3 - 1 7 . 5 14 .5 1 2 . 7 - 1 6 . 1
7 15 .4 1 3 . 0 - 1 6 . 3 13 .7 1 2 . 4 - 1 6 . 0 14 .5 1 3 . 3 - 1 7 . 2 12 .0 1 0 . 7 - 1 2 . 8
8 14 .4 1 2 . 1 - 1 5 . 8 13 .8 1 0 . 5 - 1 5 . 6 13 .6 9 . 5 - 1 5 . 1 12 .2 9 . 7 - 1 4 . 7
9 12 .9 1 1 . 6 - 1 2 . 7 12 .1 8 . 2 - 1 4 . 3 12 .6 1 0 . 4 - 1 4 . 2 10 .5 7 . 1 - 1 3 . 6
10 12 .7 1 0 . 6 - 1 3 . 6 12 .2 1 0 . 8 - 1 4 . 0 15 .2 1 3 . 5 - 1 7 . 6 9 . 1 6 . 2 - 1 0 . 3
11 11 .9 1 0 . 2 - 1 2 . 8 10 .4 8 . 3 - 1 2 . 0 12 .9 1 2 . 0 - 1 3 . 0 8 . 5 6 . 4 - 1 1 . 1
T o t a l  165 .11  1 5 6 .6  164 .5  139 .4




A n a l y s i s  o f  V a r i a n c e  f o r  T o t a l  D i g e s t i b l e  N u t r i e n t s  I n t a k e  
o f  t h e  F o u r  G ro u p s  o f  Cows Fed t h e  E x p e r i m e n t a l  R a t i o n s
Component d . f .
Sum o f  
S a u a r e s
Mean
S a u a r e F - V a l u e
T o t a l 175 1 1 6 3 .2 8 6 . 6 5
B lo c k s 3 5 2 . 3 6 1 7 .4 5 1 .1 6
R a t i o n s 3 1 5 6 .1 4 5 2 . 0 5 3 . 4 7
E r r o r  A 9 1 3 5 .02 1 5 . 0
P e r i o d s 10 5 2 9 .7 1 5 2 .9 7 2 9 . 9 3 * *
R X P 30 7 7 . 8 5 2 . 6 0 1 .4 7
E r r o r  B 120 2 1 2 . 1 9 1 . 7 7
^ S i g n i f i c a n t  a t  .01
TABLE 11a
Mean and Range of Daily Milk Production for Each Group of Four Cows Fed the Different
Rations During the Preliminary and Experimental Periods
P e r i o d
T re a tm e n t
I
C o n t r o l
I I




G rass  Hay
Mean Range Mean Range Mean Range Mean Range
--------  - -  - ( k g )
P r e l i m . 3 0 .6 2 8 . 0 - 3 3 . 1 3 2 . 8 3 0 . 0 - 3 6 . 0 2 9 . 0 2 4 . 0 - 3 1 . 8 2 6 .6 1 6 . 2 - 3 6 . 1
1* 3 0 .7 2 8 . 2 - 3 4 . 0 3 2 . 4 3 0 . 5 - 3 6 . 1 2 8 . 2 2 2 . 7 - 3 2 . 2 2 5 .4 1 6 . 9 - 3 2 . 8
2 3 0 . 6 2 8 . 7 - 3 3 . 9 3 2 . 5 2 9 . 6 - 3 4 . 8 2 8 . 4 2 1 . 3 - 3 2 . 8 2 4 .5 1 6 . 9 - 3 3 . 1
3 2 9 .6 2 5 . 7 - 3 3 . 4 3 1 . 8 2 8 . 7 - 3 3 . 8 2 7 . 8 1 8 . 6 - 3 3 . 5 2 3 .3 1 4 . 4 - 3 2 . 2
4 2 8 .5 2 4 . 8 - 3 4 . 3 3 1 .9 2 8 . 5 - 3 3 . 7 2 7 .3 1 6 . 7 - 3 3 . 6 2 5 .2 1 3 . 8 - 3 0 . 4
5 2 7 .0 2 2 . 4 - 3 1 . 2 2 9 . 0 2 7 . 8 - 2 9 . 9 2 5 . 9 1 6 . 0 - 3 3 . 3 2 0 .7 1 2 . 3 - 3 0 . 5
6 2 8 .6 2 3 . 1 - 3 5 . 2 3 0 .6 2 8 . 7 - 3 3 . 5 2 6 . 4 1 5 . 4 - 3 2 . 8 20 .3 1 1 . 8 - 2 8 . 4
7 2 7 .1 2 0 . 3 - 3 3 . 8 2 8 . 4 2 6 . 8 - 2 9 . 7 2 5 .1 1 4 . 7 - 3 4 . 5 2 0 .4 1 1 . 2 - 3 3 . 5
8 2 6 .1 2 1 . 2 - 3 1 . 2 2 6 .3 2 3 . 3 - 3 0 . 3 2 3 . 9 1 4 . 3 - 3 0 . 7 18.2 1 1 . 7 - 2 8 . 4
9 24 .2 2 0 . 4 - 3 0 . 1 2 4 . 8 2 1 . 1 - 2 9 . 2 2 2 .7 1 3 . 7 - 2 9 . 6 16.3 1 2 . 0 - 2 6 . 5
10 2 4 .1 2 0 . 3 - 3 0 . 6 2 4 . 6 2 1 . 4 - 2 9 . 1 2 3 . 0 1 3 . 4 - 3 1 . 0 15 .1 1 1 . 1 - 2 4 . 7
11 2 2 . 6 1 7 . 3 - 2 7 . 9 2 1 .2 1 9 . 8 - 2 3 . 5 2 1 .2 1 2 . 1 - 2 7 . 8 13 .9 1 0 . 9 - 2 2 . 1
T o t a l 2 9 9 .1 3 1 3 .5 279 .9 223 .3
Av. 2 7 .2 2 8 .5 2 5 . 5 2 0 .3
*Ten Day Periods
TABLE 12a
Mean and Range of Daily FCM Production for Each Group of Four Cows Fed the Different
Rations During the Preliminary and Experimental Periods
T re a tm e n t
I I I I I I IV a
C o n t r o l A l f a l f a CSH G ra s s  Hay
P e r i o d Mean Range Mean Range Mean Range Mean Range
P r e l i m . 2 6 . 9  2 3 . 8 - 2 9 . 8
........................................ ( k g ) -  - - -
2 6 .3  2 2 . 8 - 3 2 . 3  23 .8 1 8 . 6 - 2 7 . 2 2 2 .1  1 3 . 1 - 2 6 . 9
1* 25 .7 2 1 . 4 - 3 2 .1 25,.5 21,.7 -30 , .2 22 .3 17..6 -25 , .0 22 .1 14 .6 -29 .4
2 2 6 .3 2 3 . 5 - 3 0 .3 26,.6 25,.3 -28 , .6 2 3 .1 17,.4 -26 . ,9 21,.0 14 .8 -2 8 .2
3 26 .7 2 3 . 4 - 3 0 .2 25,.8 24..0 -28 , .3 22 .8 14 .1 -2 7 . .0 19,.6 12 .9-27 .4
4 2 3 .4 2 0 . 7 - 2 9 .2 26,.5 23..5 -30 . .3 2 3 .6 12,.7 -31 . .0 19,.8 12,.5 -27 . ,0
5 22 .1 1 7 . 0 -2 6 .0 25..4 22,,4 -26 . .8 2 1 . 4 12..7 -28 , .4 18..2 11..4 -24 . .1
6 2 3 .5 1 8 .6 -2 9 .9 24..9 23,,1 -28 . .5 2 1 .2 11..5 -28 , ,4 17..8 10..9 -24 , .1
7 22 .7 1 7 .0 -2 9 .2 24,.5 21.,9 -30 . .6 2 0 .7 10,.5 -28 . ,3 17.. 1 10..7 -24 . ,6
8 2 0 .8 1 5 .8 -2 6 .1 21..3 17..7 -24 . ,8 19 .6 10,.2 -25 . ,2 16,.2 11..2 -24 , ,1
9 19 .4 1 6 .7 -2 3 .3 20..0 15..1 -25 . .4 18.3 11,.0 -23 , .8 14..5 11..1 -21 . ,4
10 19 .2 1 5 .1 -2 3 .7 19..5 15,.3 -23 . .9 18 .6 10,.0 -25 . .9 13..6 10..1 -19 . .9
















A n a l y s i s  o f  V a r i a n c e  f o r  A c t u a l  M i lk  P r o d u c t i o n  o f  t h e  Four  
Groups  o f  Cows Fed t h e  E x p e r i m e n t a l  R a t i o n s  (kg )
Component d . f .
Sum o f  
S q u a r e s
Mean
S q u a r e F - V a lu e
T o t a l 175 8 1 4 4 .3 8 4 6 .5 3
B lo c k s 3 2 0 4 0 .7 3 6 8 0 .2 4 3.  12
R a t i o n s 3 1 812 .64 6 0 4 .2 1 2 . 7 7
E r r o r  A 9 1 9 5 9 .7 6 2 1 7 . 7 5
P e r i o d s 10 1 6 2 6 .1 4 1 6 2 .6 1 3 1 .6 3 * *
R X P 30 8 7 . 1 6 2 . 9 0 0 . 5 6
E r r o r  B 120 6 1 7 . 9 5 5 .1 4
* * S i g n i f i c a n t  a t  P ^ . 0 1
TABLE 14a
A n a l y s i s  o f  V a r i a n c e  f o r  FCM o f  t h e  F o u r  Groups  
o f  Cows Fed t h e  E x p e r i m e n t a l  R a t i o n s  (kg )
Component d . f .
Sum o f  
S q u a r e s
Mean
S q u a re F -V a lu e
T o t a l 175 5 6 3 6 .3 0 3 2 . 2 0
B lo c k s 3 1335 .71 4 4 5 .2 3 2 . 6 1
R a t i o n s 3 8 6 6 . 4 8 2 9 5 .4 9 1 .73
E r r o r  A 9 1 5 3 0 .8 5 1 7 0 .00
P e r i o d s 10 1 235 .29 123 .53 2 7 .3 2 * *
R X P 30 104 .7 8 3 .4 9 0 . 7 7
E r r o r  B 120 5 4 3 .1 9 4 . 5 2




A n a l y s i s  o f  C o v a r i a n c e  o f  T o t a l  FCM P r o d u c t i o n  A d j u s t e d  f o r  I n i t i a l  
D i f f e r e n c e s  f o r  t h e  F o u r  G roups  o f  Cows 
Fed  ’t h e  E x p e r i m e n t a l  R a t i o n s  (kg )
Component d . f . I n i t i a l XY F i n a l d . f .  SS MS
F-
V a lu e
T o t a l 15 3 3 6 0 . 0 6 3 0 7 2 . 2 6  4 4 0 0 . 97
B lo c k s 3 8 9 9 . 3 6 1 0 0 5 . 2 4  1505. 63
T r e a t m e n t s 3 6 6 0 . 2 2 7 2 4 . 2 8  9 91 . 21 3 2 5 6 . 8 3 8 5 . 6 0 . 7 5 9
E r r o r 9 18 0 0 .4 8 1 3 4 2 . 7 4  1904. 13 8 9 0 2 . 3  7 112.  7
TABLE 16a
A n a l y s i s  
o f  t h e
o f  V a r i a n c e  o f  
F o u r  G roups  o f
A c t u a l  Minus  E x p e c t e d  D a i l y  M i l k  P r o d u c t i o n  
Cows F e d ' t h e  E x p e r i m e n t a l  R a t i o n s  (k g )
Component d . f .
Sum o f  
S q u a r e s
Mean
S q u a r e F - V a l u e
T o t a l 63 1 0 1 4 .2 1 1 5 . 8 4
B lo c k s 3 1 9 2 .7 6 6 4 . 2 5 1 . 9 6
T r e a t m e n t 3 2 3 6 . 8 5 7 8 . 9 5 2 . 4 1
E r r o r  A 9 2 9 5 . 0 9 3 2 . 7 9
P e r i o d s 3 3 4 . 1 7 1 1 .3 9 2 . 0 8
T X P 9 5 8 . 8 6 6.  54 1 . 2 0
E r r o r  B 36 1 9 6 .4 8 5 . 4 6
TABLE 17a
Mean and Range of Daily Milk Fat Percentage for Each group of Four Cows Fed the Different
Rations During the Preliminary and Experimental Periods
P e r i o d
T r e a tm e n t
I
C o n t r o l
I I




G ra s s  Hay
Mean Range Mean Range Mean Range Mean Range
• .....................(%)
P r e l i m . 3 . 1 8 3 . 0 2 - 3 - 3 4 2 .6 4 2 . 0 6 - 3 . 2 5 2 .9 1 2 . 4 3 - 3 . 5 4 2 . 9 8 2 . 6 2 - 3 . 7 6
1* 3 .6 1 2 . 3 5 - 3 . 5 7 2 . 5 6 1 . 8 4 - 2 . 9 2 2 . 5 7 2 . 4 5 - 2 . 8 6 3 . 0 7 2 . 9 4 - 3 . 3 2
2 3 .0 5 2 . 8 1 - 3 . 2 3 2 .82 2 . 4 8 - 3 . 1 2 2 .7 7 2 . 4 9 - 2 . 9 9 3 . 1 6 2 . 5 1 - 3 . 6 5
3 3 .3 3 2 . 8 7 - 3 . 9 0 2 . 7 6 2 . 6 3 - 2 . 9 2 2 . 7 6 2 . 4 2 - 3 . 2 6 3 .0 2 2 . 6 4 - 3 . 3 4
4 2 .8 1 2 . 6 1 - 3 . 0 1 2 . 8 8 2 . 3 1 - 3 . 4 0 3 .0 3 2 . 4 3 - 3 . 7 4 3 .1 5 2 . 7 5 - 3 . 3 5
5 2 . 7 8 2 . 0 4 - 3 . 9 9 3 . 1 6 2 . 7 2 - 3 . 5 8 2 . 8 1 2 . 0 5 - 3 . 3 9 3 . 3 0 2 . 6 4 - 3 . 5 7
6 2 . 7 9 2 . 6 8 - 3 . 0 1 2 .77 2 . 5 1 - 3 . 0 1 2 .6 0 2 . 1 5 - 3 . 0 1 3 .2 3 3 . 0 4 - 3 . 5 2
7 2 . 8 8 2 . 7 7 - 3 . 0 5 3 .0 7 2 . 4 4 - 4 . 2 3 2 .7 8 2 . 1 0 - 3 . 6 0 3 . 3 6 3 . 0 1 - 3 . 7 3
8 2 .6 3 1 . 8 3 - 3 . 5 9 2 . 6 4 2 . 5 0 - 2 . 7 8 2 .6 2 2 . 0 8 - 3 . 4 9 3 . 1 4 2 . 5 8 - 3 . 3 5
9 2 .7 3 2 . 5 4 - 2 . 8 2 2 . 6 6 2 . 0 6 - 3 . 1 5 2 .8 1 2 . 3 3 - 3 . 4 7 3 . 4 6 2 . 7 3 - 4 . 0 4
10 2 .6 8 2 . 3 1 - 3 . 4 4 2 . 4 9 2 . 0 7 - 2 . 9 5 2 . 8 0 2 . 2 7 - 3 . 1 9 3 . 4 5 2 . 6 5 - 4 . 4 3
11 2 .7 0 2 . 0 9 - 3 . 4 5 2 . 6 2 1 . 7 6 - 3 . 3 9 2 . 8 4 2 . 3 6 - 3 . 5 3 3 . 5 4 2 . 5 5 - 4 . 4 3
T o t a l  3 1 .9 9  3 0 .4 3  3 0 .3 9  35 .88
Av. 2 . 9 1  2 .7 7  2 . 7 6  3 . 2 6
*Ten Day Periods
TABLE 18a
Mean and Range of Daily Milk Fat Production for the Cows Fed the Different
Rations During the Preliminary and Experimental Periods
P e r i o d
T r e a tm e n t
I
C o n t r o l
I I




G ra s s  Hay
Mean Range Mean Range Mean Range Mean Range
.....................( k g ) -
P r e l i m . .98 . 8 5 - 1 . 1 0 .76 .6 6 -  .93 .85 . 6 0 -1 ,10 .79 . 4 4 -  .95
1* .89 . 6 6 - 1 . 2 0 .78 . 5 9 - 1 . 1 0 .73 .56 - .82 .79 . 5 2 - 1 . 1
2 .94 . 8 0 - 1 . 1 0 .91 . 8 1 -  .99 .79 .59 - .94 .74 . 5 5 - 1 . 0
3 .98 . 8 6 - 1 . 2 0 .88 . 8 1 -  .97 .78 .4 5 - .95 .69 . 4 8 -  .97
4 .81 . 7 0 - 1 . 0 0 .98 . 7 8 - 1 . 1 0 .85 .4 1 -1 .20 .71 .4 6 -  .99
5 .75 . 5 4 - 1 . 0 0 .92 . 7 6 - 1 . 0 0 .71 . 4 1 -1 .00 .66 . 4 2 -  .91
6 .80 . 6 2 - 1 . 1 0 .85 . 7 7 - 1 . 0 0 .70 .3 6 - .99 .62 . 4 2 -  .86
7 .78 . 5 9 - 1 . 0 0 .88 . 7 1 - 1 . 3 0 .71 .3 1 - .96 .63 . 4 2 -  .87
8 .69 .4 8 -  .90 .70 . 6 3 -  .84 .63 .3 0 - .86 .55 .3 9 -  .73
9 .66 . 5 7 -  .76 .67 . 4 3 -  .92 .63 .4 0 - .80 .54 . 4 2 -  .72
10 . 64 .4 7 -  .78 .62 .4 4 -  .81 .66 . 3 1 - .90 .47 .3 7 -  .65
11 .59 .5 0 -  .73 .56 .4 1 -  .74 .65 .29 - .99 .44 . 3 8 -  .56













A n a l y s i s  o f  V a r i a n c e  f o r  Change i n  M i lk  F a t  P e r c e n t a g e  o f  t h e  
F o u r  G roups  o f  Cows Fed t h e  E x p e r i m e n t a l  R a t i o n s
Component d . f .
Sum o f  
S q u a r e s
Mean
S q u a re F -V a lu e
T o t a l 175 4 4 . 1 3 0 . 2 5
B loc ks 3 2 .6 7 .89 0 . 3 7
R a t i o n s 3 7 .2 6 2 . 4 2 1 .59
E r r o r  A 9 1 3 .6 5 1 .5 2
P e r i o d s 10 1 .5 8 .16 1 .33
R X P 30 4 . 6 5 .1 6 1 .33
E r r o r  B 120 14 .3 2 .12
TABLE 20a
A n a l y s i s  o f  V a r i a n c e  f o r  K i lo g r a m s  o f  M i lk  F a t  P ro d u c e d  by t h e  
F o u r  G roups  o f  Cows Fed t h e  E x p e r i m e n t a l  R a t i o n s
Sum o f Mean
Component d . f . S q u a r e s S q u a r e F - V a lu e
T o t a l 175 7 .8 9 .045
B loc ks 3 1 .67 .556 2 . 1 4
R a t i o n s 3 . 72 .240 0 . 9 2
E r r o r  A 9 2 . 3 5 .260
P e r i o d s . 10 1 .63 .163 1 6 .30**
R X P 30 .33 .011 1 .00
E r r o r  B 120 1 .1 8 .010
* * S i g n i f i c a n t  a t  P ^ . 0 1
TABLE 21a
Mean and Range of Milk Protein Percentage for Each Group of Four Cows Fed the
Different Rations During the Preliminary and Experimental Periods
P e r i o d
T r e a tm e n t
I
C o n t r o l
I I




G r a s s  Hay
Mean Range Mean Range Mean Range Mean Range
------------ (%)-
P r e l i m . 3 . 4 0 3 . 2 6 - 3 . 6 5 3 .1 0 2 . 8 5 - 3 . 4 0 3 . 3 4 3 . 1 4 - 3 . 4 8 3 .3 1 3 . 2 2 - 3 . 4 0
1* 3 .5 3 3 . 3 3 - 3 . 7 4 3 .1 3 2 . 9 1 - 3 . 3 0 3 .2 5 3 . 1 4 - 3 . 3 7 3 .3 9 3 . 1 9 - 3 . 6 0
2 3 .3 4 3 . 3 1 - 3 . 3 9 3 .1 2 2 . 9 3 - 3 . 3 9 2 .2 8 3 . 1 7 - 3 . 3 7 3 . 4 9 3 . 4 0 - 3 . 5 1
3 3 .4 6 3 . 3 5 - 3 . 4 5 3 .2 3 3 . 0 5 - 3 . 5 4 3 . 2 6 3 . 1 9 - 3 . 3 7 3 . 4 8 3 . 3 3 - 3 . 5 6
4 3 . 4 0 3 . 1 1 - 3 . 7 7 3 .1 2 2 . 9 6 - 3 . 3 1 3 .2 3 3 . 0 5 - 3 . 3 7 3 .4 4 3 . 2 2 - 3 . 5 4
5 3 .5 9 3 . 2 7 - 3 . 9 5 3 . 2 8 3 . 1 1 - 3 . 6 0 3 . 2 4 3 . 1 7 3 . 2 8 3 .5 8 3 . 2 0 - 3 . 9 7
6 3 .3 2 3 . 1 1 - 3 . 4 9 3 .1 8 3 . 0 3 - 3 . 4 8 3 . 1 4 3 . 0 2 - 3 . 2 9 3 .3 8 3 . 1 6 - 3 . 7 1
7 3 . 4 3 2 . 9 6 - 3 . 8 6 3 . 3 0 3 . 2 2 - 3 . 3 6 3 . 1 0 2 . 9 6 - 3 , 3 7 3 .4 7 3 . 3 4 - 3 . 6 8
8 3 .4 9 3 . 0 2 - 3 . 8 7 3 .2 9 3 . 0 0 - 3 . 6 6 3 . 1 0 3 . 0 2 - 3 . 2 0 3 .4 9 3 . 2 5 - 3 . 8 2
9 3 .4 8 2 . 9 6 - 3 . 8 6 3 . 3 1 3 . 0 9 - 3 . 6 5 3 .0 7 2 . 9 4 - 3 . 1 9 3 . 4 5 3 . 1 3 - 3 . 8 3
10 3 .3 7 2 . 9 9 - 3 . 7 1 3 .3 3 3 . 1 9 - 3 . 6 2 3 .0 9 2 . 9 4 - 3 . 2 3 3 . 4 1 3 . 1 1 - 3 . 9 2
11 3 . 4 4 3 . 1 3 - 3 . 7 5 3 .3 4 3 . 2 7 - 3 . 3 7 3 .1 7 2 . 9 1 - 3 . 4 3 3 .5 1 3 . 2 6 - 3 . 8 9
T o t a l 3 7 . 9 3 4 . 6 3 4 .9 3 8 .1




A n a l y s i s  o f  V a r i a n c e  f o r  M i l k  P r o t e i n  P e r c e n t a g e  o f  t h e  Cows 
Fed  t h e  E x p e r i m e n t a l  R a t i o n s
Component d . f . —
Sum o f  
S q u a r e s
Mean
S q u a r e F - V a l u e
T o t a l 175 1 0 .0 9 .0576
B lo c k s 3 1 . 0 8 .3 6 1 .1 6
R a t i o n s 3 2 . 7 1 - .90 2 . 9 0
E r r o r  A 9 2 . 7 7 .31
P e r i o d s 10 .3 0 .0 3 0 1 . 3 6
R X P 30 .64 .031 1 . 4 1
E r r o r  B 120 2 . 5 8 .022
* S i g n i f i c a n t  a t  P ^ . 0 5
TABLE 23a
Mean and Range of Solids-Not-Fat Percentage for Each Group of Four Cows Fed the
Different Rations During the Preliminary and Experimental Periods
' T r e a tm e n t
I I I I I I IV a
C o n t r o l A l f a l f a CHS G r a s s  Hay
P e r i o d Mean Range Mean Range Mean Range Mean Range
P r e l i m . 8 .8 9 8 . 7 2 - 9 . 0 8 8 . 5 5
■ -------- ( % ) ........................
7 . 9 0 - 8 . 8 3  8 . 6 3 8 . 1 9 - 8 . 7 9  8 .6 7 8 . 3 4 - 8 . 8 5
1* 8 . 8 5 8 . 6 3 - 9 . 0 4 8 . 7 3 8 . 3 2 - 8 . 9 5 8 . 6 3 8 . 4 7 - 8 . 7 1 8 .9 3 8 . 8 8 - 9 . 0 0
2 8 . 8 0 8 . 3 8 - 9 . 0 1 8 .8 3 8 . 5 3 - 9 . 1 0 8 . 6 4 8 . 4 5 - 8 . 9 2 9 . 0 6 8 . 4 2 - 9 . 5 3
3 8 .9 1 8 . 8 5 - 8 . 9 8 8 . 4 3 8 . 1 5 - 8 . 7 6 8 . 6 9 8 . 5 1 - 8 . 7 9 9 .0 0 8 . 8 3 - 9 . 2 2
4 8 . 7 5 8 . 4 7 - 9 . 0 6 8 . 4 7 8 . 2 2 - 8 . 7 6 8 . 5 9 8 . 4 7 - 8 . 7 0 8 .9 8 8 . 9 1 - 9 . 0 5
5 8 . 8 6 8 . 7 6 - 8 . 9 2 8 . 6 9 8 . 3 2 - 8 . 9 9 8 . 6 5 8 . 5 4 - 8 . 8 6 9 . 1 6 8 . 7 9 - 9 . 4 7
6 8 . 5 5 8 . 3 8 - 8 . 8 7 8 . 4 5 8 . 0 0 - 8 . 9 5 8 .3 7 8 . 2 3 - 8 . 6 8 8 .8 5 8 . 5 1 - 9 . 2 3
7 8 . 7 7 8 . 6 2 - 8 . 9 3 8 .6 3 8 . 4 8 - 8 . 8 3 8 . 4 5 8 . 3 4 - 8 . 5 3 8 .9 4 8 . 8 1 - 9 . 1 9
8 8 . 5 5 8 . 4 0 - 8 . 7 3 8 .4 2 7 . 9 4 - 8 . 7 0 8 . 3 5 8 . 1 3 - 8 . 5 4 8 .8 2 8 . 5 3 - 9 . 2 7
9 8 .6 7 8 . 5 3 - 8 . 8 6 8 . 3 1 7 . 6 3 - 8 . 8 4 8 . 3 3 8 . 0 1 - 8 . 5 7 8 .7 5 8 . 6 2 - 8 . 9 1
10 8 . 5 5 8 . 4 3 - 8 . 7 4 8 . 5 2 8 . 1 8 - 8 . 8 6 8 . 4 0 8 . 2 9 - 8 . 4 8 8 . 7 5 8 . 5 8 - 9 . 0 8
11 8 . 6 1 8 . 5 5 - 8 . 6 5 8 .5 1 8 . 2 9 - 8 . 8 3 8 .3 3 7 . 8 9 - 8 . 5 8 8 .7 1 8 . 4 3 - 9 . 1 4
T o t a l  9 5 . 9  9 4 . 0  9 3 .4 3  97 .95





A n a l y s i s  o f  V a r i a n c e  f o r  Change i n  S o l i d s - N o t - F a t - P e r c e n t a g e  o f  
t h e  F o u r  G roups  o f  Cows Fed t h e  E x p e r i m e n t a l  R a t i o n s
Component d . f .
Sum o f  
S q u a r e s
Mean
S q u a r e F - V a l u e
T o t a l 175 1 5 .7 1 .0 8 6
B lo c k s 3 1 . 5 4 .51 2 . 1 3
R a t i o n s 3 4 . 5 4 1 .5 1 6 . 2 9 *
E r r o r  A 9 2 . 1 4 .2 4
P e r i o d s 10 2 . 5 9 .26 7 . 4 3 * *
R X P 30 .75 .025 0 . 7 1
E r r o r  B 120 4 . 1 6 .035
* S i g n i f i c a n t  a t  .05
* * S i g n i f i c a n t  a t  P ^  .01
TABLE 25a
Mean and Range of Body Weight for Each Group of Four Cows Fed the Different
Rations During the Preliminary and Experimental Periods
P e r i o d
T re a tm e n t
I
C o n t r o l
I I




G ras s -U ay
Mean Range Mean Range Mean Range Mean Range
-  - - - - - ( k g )
P r e l i m . 560 536-576 507 478-531 546 484-580 560 546-592
1* 553 536-577 520 497-536 550 495-581 574 567-592
2 557 548-572 534 506-576 572 517-600 587 570-604
3 558 542-577 530 504-565 574 517-608 581 567-606
4 597 571-622 541 518-570 592 548-618 593 569-623
5 585 581-597 547 491-601 602 556-658 599 563-639
6 603 564-623 551 500-598 614 551-686 592 549-636
7 604 578-638 547 496-587 602 549-672 588 536-636
8 614 578-648 563 504-605 618 545-708 602 519-651
9 607 571-626 567 508-604 608 554-690 605 530-636
10 618 582-649 573 511-609 623 555-717 596 528-632
11 615 577-646 568 513-604 614 551-690 603 526-640
T o t a l 6 ,5 1 1 6 ,0 4 1 6 ,569 6 ,5 2 0
Av. 592 549 597 593
Av. d a i l y





A n a l y s i s  o f  V a r i a n c e  f o r  Change i n  Body W eig h t  o f  t h e  F o u r  
Groups  o f  Cows Fed t h e  E x p e r i m e n t a l  R a t i o n s  (kg)
Sum o f Mean
Component d . f . S q u a r e s S q u a r e F - V a lu e
T o t a l 175 334874 1913 .56
B lo c k s 3 55445 18481 .66 1 .5 5
R a t i o n s 3 66985 2 2 3 2 8 .3 3 1 .87
E r r o r  A 9 107244 11 9 1 6 .0
P e r i o d s 10 51293 5 1 2 9 .3 1 3 .85**
R X P 30 9472 3 1 5 .7 3 0 . 8 5
E r r o r  B 120 44435 3 7 0 .2 9
^ S i g n i f i c a n t  a t  P ^  .01
TABLE 27a
Mean and Range of Daily Gross Energy Intake for Each Group of Four Cows Fed the
Different Rations During the Preliminary and Experimental Periods
T r e a tm e n t
I I I I I I IVa
C o n t r o l A l f a l f a CSH G r a s s  Hay
P e r i o d Mean Range Mean Range Mean Range Mean Range
P r e l i m .  . 8 8 .2  7 7 . 1-C99-6 9 3 .1  8 9 . 7 - . 9 7 . 6  8 1 .9 7 6 . 6 - o 8 6 . 4 8 5 . 9  7 0 . 8 -  9 9 .8
1* 9 6 . 0 6 7 . 3 - 122 .4 107 .8 9 7 . 4 - 1 1 3 . 8 114 .5 1 0 1 . 7 - 1 2 7 . 5 104.2 9 6 . 8 - 1 1 4 . 4
2 9 0 .3 6 0 . 4 - 114 .0 95 .7 8 6 . 9 - 1 0 3 . 7 112.3 9 9 . 6 - 1 2 6 . 7 103.2 9 3 . 9 - 1 1 4 . 4
3 8 8 . 3 5 8 . 9 - 105 .2 110 .0 1 0 0 . 8 - 1 1 5 . 9 113 .0 1 0 7 . 8 - 1 2 5 . 9 101 .4 9 3 . 1 - 1 1 1 . 9
4 9 5 .2 8 4 . 3 - 1 0 6 .4 104 .2 1 0 0 . 0 - 1 0 7 . 5 119 .0 1 1 3 . 2 - 1 3 1 . 2 96 .7 9 1 . 8 - 1 0 1 . 3
5 9 4 .0 8 1 . 7 - 1 04 .9 101 .3 8 9 . 5 - 1 1 8 . 0 9 4 .8 7 1 . 3 - 1 1 5 . 2 9 8 .5 8 7 . 7 - 1 1 0 . 7
6 9 0 .3 7 2 . 2 - 9 9 . 2 9 7 .9 8 9 . 9 - 1 1 8 . 4 107.5 8 5 . 7 - 1 2 3 . 0 100.2 8 7 . 7 - 1 1 1 . 1
7 9 1 .7 7 7 . 3 - 9 7 .3 8 9 .7 8 1 . 1 - 1 0 4 . 6 101 .8 9 3 . 5 - 1 2 0 . 5 8 3 . 6 7 7 . 1 -  8 8 .6
8 8 5 . 9 7 2 . 1 - 9 4 .2 9 0 .3 6 8 . 4 - 1 0 1 . 6 9 5 . 4 6 6 . 4 - 1 0 6 . 2 8 4 . 5 6 6 . 8 - 1 0 2 . 1
9 7 8 . 5 7 2 . 6 - 9 4 . 6 7 9 .1 5 3 . 8 -  9 8 . 3 8 8 . 4 7 3 . 0 -  9 9 .6 7 2 .4 4 9 . 2 -  9 4 .3
10 7 5 .7 6 3 . 2 - 8 0 . 6 7 7 .0 7 0 . 6 -  9 1 .6 106 .9 9 4 . 3 - 1 2 3 . 8 6 0 .8 4 3 . 5 -  7 0 .9
11 7 0 .6 6 1 . 1 - 7 6 .0 6 8 .2 5 4 . 2 -  7 8 .1 9 0 .9 8 4 . 5 -  9 5 .9 5 9 .0 4 4 . 3 -  7 7 .1
T o t a l
Av.
9 5 6 .5










Mean and Range of Daily Digestible Energy Intake for Each Group of Four Cows Fed the
Different Rations During the Preliminary and Experimental Periods
T r e a tm e n t
I
C o n t r o l
I I




G ra s s  Hay
P e r i o d Mean Range Mean Range Mean Range Mean Range
P r e l i m . 6 5 .1  5 6 . 9 - 7 3 . 5 6 8 .7 6 6 . 2 - 7 2 . 0  6 0 .4 5 6 . 5 - 6 3 . 8 6 3 .4 5 2 . 3 - 7 3 . 7
1* 7 0 .8 4 9 . 7 - 9 0 . 3 7 6 .0 6 8 . 7 - 8 0 . 2 6 9 .8 6 2 . 0 - 7 7 . 8 6 9 .4 6 4 . 5 - 7 6 . 2
2 66 .7 4 4 . 6 - 8 4 . 1 6 7 .5 6 1 . 3 - 7 3 . 1 6 8 .6 6 0 . 8 - 7 7 . 3 68 .7 6 2 . 5 - 7 6 . 2
3 6 5 .2 4 3 . 5 - 7 7 . 6 7 7 .6 7 1 . 1 - 8 1 . 7 6 9 .0 6 5 . 8 - 7 6 . 8 6 7 .5 6 2 . 0 - 7 4 . 5
4 7 0 .3 6 2 . 2 - 7 8 . 5 73 .4 7 0 . 5 - 7 5 . 8 7 2 .6 6 9 . 1 - 8 0 . 0 6 4 . 0 6 1 . 1 - 6 7 . 5
5 6 8 .6 6 0 . 3 - 7 4 . 4 7 1 . 4 6 3 . 1 - 8 3 . 2 5 7 .9 4 3 . 5 - 7 0 . 3 66 .3 5 8 . 4 - 7 3 . 7
6 6 6 .7 5 3 . 3 - 7 3 . 2 6 6 . 6 6 3 . 4 - 8 3 . 5 6 8 .1 5 2 . 3 - 7 5 . 0 6 6 .8  ' 5 8 . 4 - 7 4 . 0
7 67 .7 5 7 . 0 - 7 1 . 8 6 3 .2 5 7 . 2 - 7 3 . 7 6 2 .1 5 7 . 0 - 7 3 . 5 55 .7 5 1 . 3 - 5 9 . 0
8 6 3 .4 5 3 . 2 - 6 9 . 5 6 3 .6 4 8 . 2 - 7 1 . 6 58 .2 4 0 . 5 - 6 4 . 8 5 6 .5 4 4 . 5 - 6 8 . 8
9 5 7 .9 5 3 . 6 - 6 9 . 8 5 5 .8 3 7 . 9 - 6 9 . 3 5 3 .9 4 4 . 5 - 6 0 . 8 4 8 . 2 3 2 . 8 - 6 2 . 8
10 55 .9 4 6 . 6 - 5 9 . 5 5 6 .1 4 9 . 8 - 6 4 . 6 6 5 .2 5 7 . 5 - 7 5 . 5 4 0 . 5 2 9 . 0 - 4 7 . 2
11 5 2 .1 4 5 . 1 - 5 6 . 1 4 8 . 1 3 8 . 2 - 5 5 . 1 5 5 .5 5 1 . 5 - 5 8 . 5 3 9 .3 2 9 . 5 - 5 1 . 3
T o t a l  705 .3  7 1 9 .3  70 0 .9  6 4 2 .9




Mean and Range of Gross Feed Efficiency for Each Group of Four Cows Fed the Different
Rations During the Preliminary and Experimental Periods
P e r i o d
T r e a t m e n t
I
C o n t r o l
I I




G ra s s  Hay
Mean Range Mean Range Mean Range Mean Range
. l k ) .....................
P r e l i m . .49 . 4 4 - . 6 0 .48 . 4 3 - . 5 0 .49 , 4 3 - . 5 4 .58 00 1 ■o
1* -55 00 i O' 00 . 51 . 4 7 - . 5 7 .59 . 5 1 - . 6 4 .64 . 4 4 - . 8 6
2 .56 . 5 0 - . 6 6 .45 . 4 2 - . 4 8 .57 . 5 2 - . 6 7 .66 . 4 8 - . 8 4
3 .57 . 5 1 - . 7 0 .54 . 4 6 - . 6 2 .61 . 4 6 - . 8 3 .70 . 4 6 - . 9 3
4 .57 . 51 t .71 .51 . 4 6 - . 5 8 .66 . 5 0 - . 9 7 .68 . 4 7 - . 9 7
5 .60 . 4 8 - . 7 8 .54 . 4 7 - . 6 5 .61 . 5 0 - . 8 6 .76 . 5 2 - . 9 8
6 .54 . 4 4 - . 7 0 .49 . 4 2 - . 6 3 .62 . 4 4 - . 9 3 .78 . 4 9 - 1 . 0
7 .59 . 4 8 - . 7 9 .49 . 4 3 - . 6 0 .62 . 4 8 - . 9 2 .69 . 3 8 - 9 . 5
8 .57 . 4 5 - . 7 3 .53 . 4 2 - . 6 0 .61 . 4 6 - . 9 9 .72 . 5 2 - . 9 9
9 .55 . 4 2 - . 7 1 .49 . 3 4 - . 6 0 .61 . 4 4 - . 9 4 .69 . 5 1 - . 8 7
10 .54 . 4 3 - . 6 7 .50 . 4 2 - . 6 0 .72 . 4 7 - . 9 7 .66 . 4 2 - . 8 6
11 .55 . 4 2 - . 7 4 .49 . 3 9 - . 5 7 .66 . 4 8 - . 9 9 .63 . 5 0 - . 8 4
T o t a l 6 .1 9 5 . 5 4 6 . 8 8 7 .61




Mean and Range of Gross Feed Efficiency for Each Group of Four Cows Fed the Different
Rations During the Preliminary and Experimental Periods
T r e a tm e n t
I
C o n t r o l
I I




G r a s s  Hay
P e r i o d Mean Range Mean Range Mean Range Mean Range
-  (kg TDN/kg FCM)*....................
P r e l i m . .50 . 4 9 - . 5 2 .58 4 8 - . 6 7  .53 . 4 5 - . 5 6 .69 . 5 8 - . 9 1
1** .67 . 5 1 - . 8 9 .66 . 5 7 - . 7 6 .74 . 6 5 - . 8 0 .74 . 5 2 - . 9 9
2 .66 . 5 6 - . 7 9 .55 . 5 L - . 5 9 .70 . 6 4 - . 8 1 .75 . 5 9 - . 9 2
3 .63 . 5 7 - . 7 6 .66 . 5 8 - . 7 4 .76 . 5 7 - 1 . 1 0 .82 . 5 9 - 1 . 0 4
4 .69 . 6 1 - . 8 5 .61 . 51 t ,70 .80 . 5 4 - 1 . 2 7 .77 . 5 4 - 1 . 0 6
5 .74 . 6 1 - 1 . 0 3 .62 . 5 1 - . 8 1 .75 . 5 6 - 1 . 0 9 .85 . 6 0 - 1 . 1 2
6 . 66 . 5 3 - . 8 7 .61 . 5 0 - . 7 6 .80 . 5 3 - 1 . 2 5 .91 . 5 7 - 1 . 2 3
7 .70 . 5 6 - . 9 4 .58 . 4 2 - . 6 9 .79 . 6 1 - 1 . 2 9 .77 . 5 2 - 1 . 0 0
8 .72 . 5 8 - 1 . 0 0 .66 . 5 4 - . 7 9 .80 . 4 9 - 1 . 4 7 .81 . 6 0 - 1 . 1 2
9 .68 . 5 4 - . 8 7 .71 . 4 4 - . 7 2 .75 . 5 5 - 1 . 1 7 .75 . 5 1 - . 9 4
10 .68 . 5 6 - . 8 9 . 64 . 5 2 - . 7 1 .91 . 6 2 - 1 . 3 6 .72 . 4 7 - . 9 4
11 .68 . 5 8 - . 8 9 .63 . 5 5 - . 7 9 .83 . 5 5 - 1 . 3 0 .68 . 5 5 - . 8 8
T o t a l  7 .5 1  6 .9 3  8 .6 3  8 .5 7
Av. .68 .63 .78 .78
*TDN = Total digestible nutrients; FCM = 4% fat corrected milk.
**Ten Day Periods.
TABLE 31a
Mean and Range o f  G ro ss  Feed  E f f i c i e n c y  f o r  Each Group o f  F ou r  Cows Fed th e  
R a t i o n s  D u r in g  th e  P r e l i m i n a r y  and E x p e r i m e n t a l  P e r i o d s
D i f f e r e n t
T r e a tm e n t
I I I I I I IVa
C o n t r o l A l f a l f a CSH G r a s s  Hay
P e r i o d Mean Range Mean Range Mean Range Mean Range
- - - ( T h e r m s / k g  FCM)- -
P r e l i m . 3 .2 3 2 . 9 - 4 . 2 3 .6 0 2 . 9 - 4 . 0 3 .4 8 3 . 2 - 4 . 1 4 . 0 8 3 . 4 - 5 . 4
1* 3 . 7 5 3 . 0 - 5 . 3 4 . 3 0 3 . 7 - 5 . 0 5 .2 0 4 . 6 - 5 . 8 5 . 1 0 3 . 6 - 6 . 8
2 3 . 4 8 2 . 2 - 4 . 8 3 .6 0 3 . 3 - 3 . 9 4 .9 3 4 . 5 - 5 . 7 5 . 1 8 4 . 1 - 6 . 3
3 3 .4 3 2 . 0 - 4 . 5 4 . 2 8 3 . 8 - 4 . 8 5 .2 5 4 . 0 - 7 . 6 5 .65 4 . 1 - 7 . 2
4 4 . 1 3 3 . 6 - 5 . 1 3 .9 8 3 . 3 - 4 . 6 5 .6 0 3 . 8 - 8 . 9 5 .3 8 3 . 8 - 7 . 4
5 4 . 4 0 3 . 6 - 6 . 2 4 . 0 5 3 . 4 - 5 . 3 4 . 9 5 2 . 5 - 7 . 7 5 .88 4 . 1 - 7 . 7
6 3 . 9 5 3 . 2 - 5 . 2 3 .9 5 3 . 3 - 4 . 9 5 .6 0 3 . 7 - 8 . 8 6 .2 8 4 . 0 - 8 . 5
7 4 . 1 8 3 . 3 - 5 . 6 3 .7 3 2 . 7 - 4 . 5 5 .53 4 . 3 - 9 . 1 5 .3 8 3 . 6 - 7 . 2
8 4 . 2 8 3 . 4 - 6 . 0 4 . 2 5 3 . 5 - 5 . 1 5 .5 8 3 . 3 - 1 . 0 4 5 .55 4 . 1 - 7 . 7
9 4 . 1 8 3 . 2 - 5 . 7 4 . 0 0 2 . 9 - 4 . 7 5 .23 3 . 8 - 8 . 2 5 .18 3 . 5 - 6 . 5
10 4 . 0 3 3 . 3 - 5 . 3 4 . 1 0 3 . 4 - 4 . 6 6 . 3 8 4 . 3 - 9 . 5 4 . 8 0 3 . 3 - 6 . 5
11 4 . 0 5 3 . 5 - 5 . 3 4 . 0 8 3 . 6 - 5 . 1 5 .8 8 3 . 7 - 9 . 2 4 .7 3 3 . 8 - 6 . 2
T o t a l 4 3 . 8 6 4 4 .3 2 60 .13 59 .11




Mean and Range of Gross Feed Efficiency for Milk Production for Each Group of Four
Cows Fed the Different Rations During the Preliminary and Experimental Periods
P e r i o d
T r e a tm e n t
I
C o n t r o l
I I




G r a s s  Hay
Mean Range Mean Range Mean Range Mean Range
- - (T herm s  o f  DE/kg FCM)*- - - -
P r e l i m . 2 .4 5 2 . 1 - 3 . 1 2 . 6 5 2 . 1 - 2 . 9 2 . 5 5 2 . 3 - 3 . 0 3 .0 0 2 . 7 - 4 . 0
1** 2 .7 8 2 . 2 - 3 . 9 3 . 0 0 2 . 6 - 3 . 5 3 . 1 5 2 . 8 - 3 . 5 3 .4 0 2 . 4 - 4 . 6
2 2 .5 8 1 . 6 - 3 . 5 2 .5 3 2 . 3 - 2 . 7 3 . 0 0 2 . 7 - 3 . 5 3 . 4 5 2 . 7 - 4 . 2
3 2 .4 8 1 . 4 - 3 . 3 3 .0 3 2 . 7 - 3 . 4 3 . 3 0 2 . 6 - 4 . 7 3 .7 5 2 . 7 - 4 . 8
4 3 .0 3 2 . 7 - 3 . 7 2 .7 8 2 . 3 - 3 . 2 3 . 4 0 2 . 3 - 5 . 4 3 .5 5 2 . 5 - 4 . 9
5 3 .2 3 2 . 7 - 4 . 4 2 .8 5 2 . 4 - 3 . 7 3 . 0 0 1 . 5 - 4 . 7 3 .98 2 . 9 - 5 . 1
6 2 .8 8 2 . 3 - 3 . 8 2 .8 0 2 . 3 - 3 . 5 3 .3 8 2 . 3 - 5 . 2 4 . 2 0 2 . 6 - 5 . 7
7 3 .0 8 2 . 5 - 4 . 1 2 .6 5 1 . 9 - 3 . 2 3 .3 5 2 . 6 - 5 . 5 3 .5 8 2 . 4 - 4 . 8
8 3 . 1 5 2 . 5 - 4 . 4 3 .0 0 2 . 5 - 3 . 6 3 .4 3 2 . 1 - 6 . 3 3 .73 2 . 7 - 5 . 1
9 3 . 0 5 2 . 3 - 4 . 2 2 .8 0 2 . 0 - 3 . 3 3 .2 0 2 . 3 - 5 . 0 3 .4 3 2 . 3 - 4 . 3
10 2 . 9 8 2 . 4 - 3 . 9 2 .9 0 2 . 4 - 3 . 3 3 .8 8 2 . 6 - 5 . 8 3 .2 0 2 . 2 - 4 . 3
11 2 . 9 5 2 . 5 - 3 . 9 2 .8 5 2 . 5 - 3 . 6 3 .5 3 2 . 2 - 5 . 6 3 .1 3 2 . 5 - 4 . 1
T o t a l 3 2 .1 9 31 .19 36 .62 3 9 .3 0
Av. 2 .9 3 2 . 8 4 3 .3 3 3 .57




A n a l y s i s  o f  V a r i a n c e  f o r  G r o s s  C o n v e r s i o n  o f  TDN t o  A c t u a l  M i lk  o f  
t h e  F o u r  G ro u p s  o f  Cows Fed  t h e  E x p e r i m e n t a l  R a t i o n s  (k g )
Component d . f .
Sum o f  
S q u a r e s
Mean
S q u a r e F - V a l u e
T o t a l 175 4 . 7 5 .027
B lo c k s 3 1 .2 7 .423 1 .9 9
R a t i o n s 3 .8 8 .293 1 .3 8
E r r o r  A 9 1 .9 2 .213
P e r i o d s 10 .06 .006 1 .5 0
R X P 30 .14 .005 1 .2 5
E r r o r  B 120 .48 .004
TABLE 34a
A n a l y s i s  o f  V a r i a n c e  f o r  G r o s s  C o n v e r s i o n  o f  TDN t o  FCM o f  t h e  
F o u r  G roups  o f  Cows Fed t h e  E x p e r i m e n t a l  R a t i o n s  (k g )
Component d . f .
Sum o f  
S q u a r e s
Mean
S q u a r e F - V a l u e
T o t a l 175 7 . 1 1 .040
B lo c k s 3 1 . 9 0 .633 1 .9 0
R a t i o n s 3 .83 .277 0 . 8 3
E r r o r  A 9 3 . 0 0 . 333
P e r i o d s 10 .10 .010 1 . 2 5
R X P 30 .27 .009 1 .1 3
E r r o r  B 120 1 . 0 0 .008
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A n a l y s i s  o f  
F o u r
V a r i a n c e  
G ro u p s  o f
TABLE 35a
f o r  C o n v e r s i o n  o f  Therms 
Cows Fed  t h e  E x p e r i m e n t a l
t o  FCM of  t h e  
R a t i o n s
Sum o f Mean
Component d . f . S q u a r e s S q u a r e F - V a l u e
T o t a l 175 3 9 7 . 9 5 2 . 2 7
B lo c k s 3 9 4 . 5 9 3 1 . 5 3 1 .9 5
R a t i o n s 3 8 5 . 9 4 2 8 . 6 5 1 .7 8
E r r o r  A 9 1 4 5 .3 3 1 6 . 1 4
P e r i o d s 10 4 . 7 3 .47 1 . 0 9
R X P 30 1 6 . 2 0 .5 4 1 . 2 5
E r r o r  B 120 5 1 . 1 6 .43
TABLE 36a
A n a l y s i s  o f  V a r i a n c e  f o r  G r o s s  C o n v e r s i o n  
o f  t h e  F o u r  G roups  o f  Cows Fed t h e
o f  D i g e s t i b l e  
E x p e r i m e n t a l
E n e r g y  t o  FCM 
R a t i o n s
Sum o f Mean
Component d . f . S q u a r e s S q u a r e F - V a l u e
T o t a l 175 1 4 6 . 4 0 .84
B lo c k s 3 3 7 . 4 9 1 2 . 5 0 1 .8 3
R a t i o n s 3 1 6 .1 1 5 . 3 7 0 . 7 9
E r r o r  A 9 6 1 . 5 2 6 . 8 3
P e r i o d s 10 2 . 4 1 .2 4 1 .3 3
R X P 30 7 . 1 9 .2 4 1 . 3 3
E r r o r  B 120 2 1 . 6 8 .18
TABLE 37a
Mean and Range Milk Efficiency for Each Group of Four Cows Fed the Different
Rations During the Preliminary and Experimental Periods
M ilk  E f f i c i e n c y *
T r e a t m e n t
I I I I I I IVa
C o n t r o l A l f a l f a CHS G ra s s Hay
P e r i o d Mean Range Mean Range Mean Range Mean Range
■ - -  -  (kg TDN/kg FCM)*** - - - -
P r e l i m . .42 . 3 6 - . 5 5 .47 . 3 8 - .52 .43 . 4 0 - . 4 9 .51 . 4 4 - . 6 3
1** .53 . 4 0 - . 7 4 .52 . 4 5 - .60 .57 . 5 2 - . 6 4 .55 . 3 8 - . 6 6
2 .52 . 4 4 - . 6 5 .42 .38 - .45 .54 . 4 8 - . 6 0 .56 . 4 5 - . 6 7
3 .46 . 3 0 - . 6 1 .52 .45 - .59 .59 . 4 5 - . 8 2 .50 . 2 2 - . 7 5
4 .53 . 4 6 - . 6 7 .47 . 3 9 - .54 .72 . 4 3 - . 9 8 .56 . 4 0 - . 7 7
5 .57 . 4 6 - . 8 1 .48 .3 9 - .64 .55 . 4 2 - . 7 6 .62 . 4 4 - . 7 8
6 .51 . 3 5 - . 6 5 . 46 .3 6 - .60 .59 . 3 7 - . 8 8 .66 . 4 1 - . 9 2
7 .53 . 4 3 - . 7 0 .43 .3 1 - .53 .57 . 4 7 - . 8 9 .52 . 3 7 - . 6 4
8 .53 . 4 3 - . 7 4 .48 . 3 5 - .50 .56 . 2 9 - 1 . 0 3 .55 . 3 9 - . 7 7
9 . .48 . 3 6 - . 6 3 .42 .2 5 - .54 .51 . 3 9 - . 7 6 .46 . 2 6 - . 5 7
10 .47 . 3 8 - . 6 2 .44 .3 7 - .47 .66 . 4 3 - . 9 1 .41 . 2 0 - . 5 7
11 .45 . 3 5 - . 6 0 .40 . 33- .52 .56 . 3 8 - . 8 3 .36 . 2 5 - . 5 2
T o t a l 5 .5 8 5 .0 4 6 .4 2 5 .7 5
Av. .51 .46 .58 .52
*M ilk  e f f i c i e n c y  d e f i n e d  a s  t h e  kgs  o f  TDN consumed a f t e r  d e d u c t i n g  m a i n t e n a n c e  
r e q u i r e m e n t s .
**Ten Day P e r i o d s
■A
TDN = t o t a l  d i g e s t i b l e  n u t r i e n t s ;  FCM = k% f a t  c o r r e c t e d  m i l k .
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TABLE 38a
A n a l y s i s  o f  V a r i a n c e  f o r  M i lk  E f f i c i e n c y  o f  t h e  F o u r  
G roups  o f  Cows Fed t h e  E x p e r i m e n t a l  R a t i o n s
Component d . f .
Sum o f  
S q u a r e s
Mean
S q u a r e F -V a lu e
T o t a l 175 3 . 9 0 .022
B lo c k s 3 .80 .266 1 .5 5
R a t i o n s 3 .31 .103 0 . 6 0
E r r o r  A 9 1 .5 5 .172
P e r i o d s 10 .21 .021 3 . 5 0 * *
R X P 30 .28 .009 1 . 5 0
E r r o r  B 120 .75 .006
* * S i g n i f i c a n t  a t  .01
TABLE 39a
Mean and Range of Net Feed Efficiency for Milk Production for Each Group of Four Cows Fed the
Different Rations During the Preliminary and Experimental Periods
T r e a tm e n t
I I I I I I IV a
C o n t r o l A l f a l f a CSH G r a s s  Hay
P e r i o d Mean Range Mean Range Mean Range Mean Range
-------- (Therms o f  DE/kg FCM)*- ---------
P r e l i m . 1 .83 1 . 6 - 2 . 4 2 .0 3 1 . 6 - 2 . 3 1 .85  1 . 7 - 2 . 1 2 . 1 8 1 . 9 - 2 . 7
1** 2 .1 5 1 . 5 - 3 . 2 2 . 4 0 2 . 1 - 2 . 7 2 .4 0 2 . 2 - 2 . 7 2 . 5 5 1 . 8 - 3 . 3
2 1 .90 1 . 0 - 2 . 8 1 .93 1 . 7 - 2 . 1 2 .2 5 2 . 0 - 2 . 5 2 . 5 5 2 . 1 - 3 . 0
3 1.88 0 . 9 - 2 . 6 2 .4 0 2 . 1 - 2 . 7 2 .4 0 1 . 9 - 3 . 4 2 .7 8 2 . 0 - 3 . 5
4 2 . 2 8 2 . 0 - 2 . 9 2 .1 8 1 . 8 - 2 . 5 2 .5 8 1 . 8 - 4 . 0 2 .5 8 1 . 9 - 3 . 5
5 2 .3 8 2 . 0 - 3 . 3 2 . 2 0 1 . 8 - 3 . 0 2 .0 8 0 . 9 - 3 . 2 2 .8 8 2 . 2 - 3 . 6
6 2 .1 3 1 . 6 - 2 . 8 2 .1 3 1 . 8 - 2 . 7 2 . 6 8 1 . 5 - 4 . 6 3 .03 1 . 9 - 3 . 7
7 2 .2 5 1 . 8 - 3 . 0 1 .93 1 . 4 - 2 . 4 2 .3 8 1 . 8 - 3 . 7 2 .4 3 1 . 7 - 3 . 1
8 2 .2 5 1 . 8 - 3 . 2 2 .2 0 1 . 6 - 2 . 6 2 .3 5 1 . 2 - 4 . 4 2 .5 3 1 . 8 - 3 . 6
9 2 . 1 0 1 . 6 - 3 . 0 1 .68 1 . 1 - 2 . 5 2 . 1 0 1 . 6 - 3 . 2 2 .1 0 1 . 2 - 2 . 6
10 1 .9 8 1 . 6 - 2 . 7 1 .98 1 . 7 - 2 . 1 2 .7 5 1 . 8 - 3 . 8 1 .75 0 . 9 - 2 . 6
11 2 .9 5 2 . 5 - 3 . 9 2 . 6 0 2 . 5 - 3 . 6 3 .5 3 2 . 2 - 5 . 6 3 .1 3 2 . 5 - 4 . 1
T o t a l  2 4 .2 5  2 3 .6 3  2 7 . 5 0  28 .31
Av. 2 . 2 0  2 . 1 5  2 . 5 0  2 .5 7




A n a l y s i s  o f  V a r i a n c e  f o r  Net  C o n v e r s i o n  o f  D i g e s t i b l e  E ne rgy  t o  FCM 
f o r  t h e  Fou r  G roups  o f  Cows Fed t h e  E x p e r i m e n t a l  R a t i o n s
Sum o f Mean
Component d . f . S q u a r e s S q u a re F - V a lu e
T o t a l 175 9 5 . 7 6 .55
B lo c k s 3 1 7 .7 6 5 .92 1 .5 7
R a t i o n s 3 5 . 4 9 1 .83 0 . 4 9
E r r o r  A 9 3 3 .8 0 3 . 7 6
P e r i o d s 10 1 3 .3 6 1 .3 4 8 . 9 3 * *
R X P 30 6 . 6 8 .22 1 .4 7
E r r o r  B 120 1 8 .58 . 15
^ S i g n i f i c a n t  a t  P ^ . 0 1
TABLE 41a
Mean and Range of Dally Energy Output from Milk for Each of Four Cows Fed the
Different Rations During the Preliminary and Experimental Periods
__________________________________________ T r e a tm e n t _______________________________________
I  I I  I I I  IVa
C o n t r o l  A l f a l f a  CSH G ra s s  Hi
P e r i o d Mean Range Mean Range Mean Range Mean Range
P r e l i m . 2 0 .1 1 7 . 8 - 2 2 . 3 19 .7 1 7 . 1 - 2 4 . 2 17 .8 1 3 . 9 - 2 0 . 3 16 .5 9 . 8 - 2 0 . 1
1* 19 .2 1 6 . 0 - 2 4 . 0 19 .1 1 6 . 2 - 2 2 . 6 16.7 1 3 . 2 - 1 8 . 7 16 .5 1 0 . 9 - 2 2 . 0
2 19 .7 1 7 . 6 - 2 2 . 7 19 .9 1 8 . 9 - 2 1 . 4 17.3 1 3 . 0 - 2 0 . 1 15 .7 1 1 . 1 - 2 1 . 1
3 2 0 . 0 1 7 . 5 - 2 2 . 6 19 .4 1 8 . 0 - 2 1 . 2 17 .1 1 0 . 5 - 2 0 . 2 14.7 9 . 6 0 - 2 0 . 5
4 1 7 .5 1 5 . 5 - 2 1 . 8 19 .9 1 7 . 6 - 2 2 . 7 17.7 9 . 5 - 2 3 . 2 14 .8 9 . 4 0 - 2 0 . 2
5 16 .6 1 2 . 7 - 1 9 . 4 19 .0 1 6 . 8 - 2 0 . 0 16 .0 9 . 5 - 2 1 . 2 13.7 8 . 5 0 - 1 8 . 0
6 1 7 .6 1 3 . 9 - 2 2 . 4 18 .7 1 7 . 3 - 2 1 . 3 15 .9 8 . 6 - 2 1 . 2 13.3 8 . 2 0 - 1 8 . 0
7 17 .0 1 2 . 7 - 2 1 . 8 18.3 1 6 . 4 - 2 2 . 9 15 .5 7 . 9 - 2 1 . 2 12 .8 8 . 0 - 1 8 . 4
8 15 .6 1 1 . 8 - 1 9 . 5 1 6 .0 1 3 . 2 - 1 8 . 6 14 .7 7 . 6 - 1 8 . 8 12.1 8 . 4 - 1 8 . 0
9 1 4 .6 1 2 . 8 - 1 7 . 4 1 5 .0 1 1 . 3 - 1 9 . 0 13 .7 8 . 2 - 1 7 . 8 10 .9 8 . 3 - 1 6 . 0
10 14 .4 1 1 . 3 - 1 7 . 7 14.8 1 1 . 4 - 1 7 . 9 13 .9 7 . 5 - 1 9 . 4 10.2 7 . 6 - 1 4 . 9
11 1 3 .4 1 0 . 8 - 1 5 . 0 12.7 1 0 . 5 - 1 5 . 6 13.2 6 . 9 - 1 9 . 2 9 . 4 7 . 6 - 1 3 . 0
T o t a l 185 .6 192 .8 171.7 144.1





E r n e s t o  V i l l a v i c e n c i o  Gomez was b o r n  i n  M e x i c a l i ,  B. C . ,  Mexico 
on S e p te m b e r  15,  1935,  b e i n g  t h e  s i x t h  o f  s e v e n  c h i l d r e n  b o r n  t o  L e o n e l
t 1 f
V i l l a v i c e n c i o  A. and M a r ia  C o n c e p c io n  Gomez,
He a t t e n d e d  Manue l  C e r v a n t e s  Imaz e l e m e n t a r y  s c h o o l  from 1943 
t o  1948 ,  S e c u n d a r i a  No. 10,  a  h i g h  s c h o o l  i n  Mexico  C i t y ,  f rom 1949 
t o  1951,  and  c o l l e g e  i n  C iu d a d  J u a r e z ,  C h i h u a h u a ,  Mex ico  from 1952 t o  
1956,  a t  E s c u e l a  S u p e r i o r  de A g r i c u l t u r a  f rom w hich  he  r e c e i v e d  h i s  d e ­
g r e e  o f  A g r o n o m is t  i n  O c t o b e r  1956.
From J a n u a r y  1957 t o  J u l y  1958,  he worked  as  an  i n v e s t i g a t o r  
w i t h  Compania I n d u s t r i a l  de A y o t l a ,  S.  A . ,  m a n u f a c t u r e r s  o f  c a t t l e  f e e d  
and  c e l l u l o s e  d e r i v a t i v e s .  I n  S e p t e m b e r ,  1959 ,  he  b e g a n  a t t e n d a n c e  a t  
L o u i s i a n a  S t a t e  U n i v e r s i t y  u n d e r  a f e l l o w s h i p  o f  t h e  O r g a n i z a t i o n  o f  
A m e r ic a n  S t a t e s ,  r e c e i v i n g  h i s  B. S.  d e g r e e  i n  A n im al  S c i e n c e ,  J u n e  3,  
1961.  From J a n u a r y  1962 t o  A u g u s t  1963,  he  c o n t i n u e d  h i s  s t u d i e s  a t  
L o u i s i a n a  S t a t e  U n i v e r s i t y  t o w a rd  t h e  M a s t e r  o f  S c i e n c e  d e g r e e .  H is  
m a j o r  was A n im al  N u t r i t i o n  w i t h  a m i n o r  i n  D a i r y  P h y s i o l o g y .
From O c t o b e r  1963,  t o  December 1964,  he  worked  a s  a n  i n v e s t i g a ­
t o r  w i t h  t h e  " C e n t r o  N a c i o n a l  de I n v e s t i g a c i o n e s  P e c u a r i a s , "  s u b s i d i ­
a r y  o f  t h e  S e c r e t a r y  o f  A g r i c u l t u r e  o f  t h e  g o v e rn m e n t  o f  M exico .  I n  
J a n u a r y  1965,  he  r e t u r n e d  t o  L o u i s i a n a  S t a t e  U n i v e r s i t y  t o  c o n t i n u e  
h i s  s t u d i e s  tow ard  t h e  D o c t o r a t e  d e g r e e  i n  D a i r y  N u t r i t i o n .
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